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Abstract
Over the past 4 decades, much has been learned about the pathophysiology and treatment of osteoporosis, the prevention of
fragility fractures, and the perioperative management of patients who have these debilitating injuries. However, the volume of
published literature on this topic is staggering and far too voluminous for any clinician to review and synthesize by him or herself.
This manuscript thoroughly summarizes the latest research on fragility fractures and provides the reader with valuable strategies
to optimize the prevention and management of these devastating injuries. The information contained in this article will prove
invaluable to any health care provider or health system administrator who is involved in the prevention and management of
fragility hip fractures. As providers begin to gain a better understanding of the principles espoused in this article, it is our hope that
they will be able to use this information to optimize the care they provide for elderly patients who are at risk of or who have
osteoporotic fractures.

Keywords
geriatric medicine, geriatric trauma, metabolic bone disorders, nonoperative spine, osteoporosis, systems of care, upper
extremity surgery, trauma surgery, foot and ankle surgery, fragility fractures

Scope of the Problem

Stephen Kates, MD

Fragility fractures represent an epidemic problem worldwide,

as the population ages at a rate much greater than once pre-

dicted. In the United States, the aging of the population is a

result of improved life expectancy coupled with the aging of

the Baby -Boom generation (born 1946-1964). It is expected

that these 77 million Baby Boomers will become senior citi-

zens by 2026 (http://en.wikipedia.org/wiki/Post-World_War_

II_baby_boom) and cause the fastest growing segment of the

population to be the group more than 85 years old.4

Falls and fractures become much more prevalent with

advancing age.5 Falls have been shown to precede most frac-

tures. Hip fractures occur equally inside or outside the home,

whereas other fragility fractures occur somewhat more com-

monly outside the home.6 Fractures occur throughout the year

evenly with the exception of hip fractures that occur with a

slightly higher likelihood in springtime.6 It has been shown that

most patients who sustain a fracture and are more than 65 years

old have weakened bone quality from osteoporosis or osteope-

nia, conditions that are largely untreated and silent until a frac-

ture occurs, although osteoporosis is the most common disease

of the bone.7 Osteoporosis is a metabolic bone disease charac-

terized by low bone mass and microarchitectural deterioration

of bone tissue that results in increased bone fragility and a con-

sequent increase in fracture risk. Although bone mass is an

important component of the disease, it is the combination of

bone mass and bone quality that results in a bone’s overall

strength and ability to resist fracture. Approximately 2.1 mil-

lion osteoporotic fractures occur yearly in the United States8;

in 2006, the rate of fragility fracture was listed as 1056 per

100 000 people.7 Most such fractures occur in those in the

over-65 age-group.7 For most patients who experience such a

fracture, this is their first osteoporotic fracture.9 The lack of

treatment that commonly follows a serious osteoporotic frac-

ture is worrisome: Reported rates of treatment after hip fracture

are in the 10% to 20% range.8,10 Primary prevention of osteo-

porotic fractures is essential. Improvement in algorithms to

identify patients at risk of fracture will be essential to improv-

ing the population’s health in the future.9

� When the highest quality of care is provided to the patient

with a fragility fracture, not only does the patient benefit

but also cost savings result.11,12

Hip Fractures

Stephen Kates, MD

The most serious fragility fractures occur in the hip; such frac-

tures can lead to serious morbidity, are associated with a high
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mortality risk, and are the most expensive of all the fragility

fractures.

Approximately 330 000 hip fractures occur yearly in the

United States.13 The incidence of hip fractures seems to be

decreasing over the past decade, but the prevalence of hip frac-

ture is expected to increase to 550 000 by 2040, which may be a

conservative estimate.5,14 In 2006, the hip fracture rate was

listed as 78.7 per 10 000 people. The mortality rate is in the

20% to 24% range at 1 year; many patients will lose their inde-

pendence after hip fracture.7,15 The in-hospital mortality rate

between 1988 and 2007 was 4.9% for men and 2.6% for

women.16 Older ages, male gender, and comorbid conditions

are associated with a higher risk of in-hospital mortality.16

There has been a downward trend in in-hospital mortality since

1988 mostly attributed to lower risk of death in men.16 Inap-

propriate medication prescribing has been shown to be an inde-

pendent predictor of long-term mortality in patients with hip

fracture.17 Mortality after hip fracture is high not only in the

first year after fracture but remains higher than baseline during

the subsequent 5 years as well.15

The cost of caring for hip fractures was reported to be

US$17 billion dollars in 1997, and it is estimated that it will

grow to US$62 billion by 2040.18 This number may also

represent a conservative estimate because the medical con-

sumer price index consistently outpaces the general con-

sumer price index. In 2007, the average cost for inpatient

care of a hip fracture had increased approximately to

US$42 000.13,19 Nearly all patients with hip fractures are

admitted to the hospital for care, and most hip fractures are

treated surgically. The average length of hospital stay for a

hip fracture in 2007 was 6.4 days19,20; it is very troublesome

that population-based studies have shown a decline in use of

osteoporosis medication after hip fracture from 40% in 2002

to 20.5% in 2011.21 Patients on treatment prior to fracture

are more likely to be treated after fracture.21 Even more

troublesome is data showing that proton pump inhibitor use

is associated with risk of hip fracture. Proton pump inhibitor

medications are among the most commonly used drugs in

the United States today.22

Admission to the hospital

Bernardo J. Reyes, MD and Simon C. Mears, MD, PhD

Typically, a patient with an acute hip fracture is unable to walk,

is seen in the emergency department (ED), admitted to the hos-

pital, and then the fracture is surgically repaired. Despite the

seeming simplicity of this pathway, many roadblocks stand

in the way of optimal care.

The first potential roadblock is the delay between injury and

presentation to the ED, which can be extensive. As an example,

a patient who lives alone may not be found for hours to days

after injury. These unfortunate patients are often unable to

move and become dehydrated or even develop rhabdomyolysis

with renal failure. Decubitus ulceration from lying in one posi-

tion on the floor may occur.

When initially seen by emergency medical service person-

nel, the patient typically complains of hip or groin pain.

Patients with suspected hip fractures are usually transported

to the ED by ambulance on a back board or stretcher; these

devices are hard and can lead to additional pressure on the

sacrum and thereby potentially to pressure ulcers.23 The hip

fracture patient is at particular risk for pressure ulcers from the

time of fracture to arrival at the ED, and indeed, throughout

care.

The next potential roadblock is the ED itself. In the United

States, ED overcrowding is epidemic, and the patient with a hip

fracture is often lost within the system.24 A short length of stay

(less than 4 hours) in ED is typically seen in a well-functioning

system. Unfortunately, in a busy hospital, the length of time

spent in the ED may be considerably longer.25 Lack of appro-

priate triage will lengthen the stay in the ED, especially for an

elderly patient who does not appear to require acute care. In

addition, the environment is frequently noisy, seemingly chao-

tic, and often confusing and frightening for the elderly patient

and promotes the development of delirium.26

Tips to avoid delays in ED

� Regularly monitor time in ED as a parameter of interest.

� Limit and streamline tests in the ED (a short hip fracture

order set).

� Multidisciplinary approach to admit patient to floor quickly.

� Work with hospital administration to remove roadblocks to

quick admission.

� Consider an early admission pathway for patients with hip

fracture to improve care.

Critical steps in ED

� Rapid X-ray when there is concern for hip fracture.

� Avoidance of unnecessary advanced imaging (computed

tomography [CT] scans and magnetic resonance imaging’s

[MRI’s]).

� Identify medical unstable patients who may require inten-

sive care unit admission.

� Early rehydration with isotonic crystalloid.

� Pain control and consider regional nerve block.27

� Essential laboratory work and electrocardiogram (ECG).

� Rapid consultation with orthopedics and medical/hospital-

ist/geriatrician team.

� Promote quick admission to hospital room.

The initial step in evaluation of the patient with a hip frac-

ture is obtaining a problem-focused history and performing a

physical examination. The clinician may need to obtain

information from a family member, medical records, or a

nursing home (most often via a call to the nursing supervisor)

in addition to questioning the patient. During this time, col-

lecting information to complete a comprehensive geriatric

assessment might be appropriate if it does not delay surgery.

With this information, key decisions can be made regarding
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goals of care, possible outcomes as well as forecast potential

complications.

The nature of the fall must be determined to see whether

there was a contributing event such as a stroke or syncope.

Other potential causes for fracture should be sought, including

a history suggestive of metastatic cancer. Acute medical prob-

lems such as myocardial infarction must be ruled out. An accu-

rate list of home medications as well as obtaining the patient’s

medical history is critical. Early assessment of the patient’s

mental status is necessary. An abbreviated mini-mental exam-

ination will help determine whether the patient has memory

loss. Examination of cognition should be completed only on

patients without delirium and in which pain is well controlled

in order to avoid inaccurate results. A social history that

assesses the patient’s preinjury level of activity and indepen-

dence is also important. As elderly patients might find decision

making overwhelming, contacting the patient’s health care

proxy and or family members is appropriate early in the evalua-

tion process. In addition, advanced directives must be deter-

mined and documented prominently in the medical record.

Depending on the institution, patient’s limited life support

advanced directives might be suspended for the surgical

intervention.

The physical examination should be initiated by the ED pro-

vider who should inspect for other injuries. Basic laboratory

studies and an ECG should be ordered. A whole-body CT scan

is not required for the patient with an isolated fragility fracture

and should be avoided unless specifically indicated because of

concern about more extensive injury or illness.28

The physical examination should focus on the injured extre-

mity. Most often a patient with a hip fracture has groin pain and

pain with hip motion. Fracture displacement causes the leg to

be shortened and externally rotated (Figure 1). The hip should

not be excessively moved on examination because it is painful

and may increase bleeding. Conventional radiographs are the

best method for diagnosing a hip fracture. They should be

ordered as follows: anterior–posterior (AP) and tube lateral

(cross-table) views of the involved hip and an AP view of the

pelvis (Figure 2a, b). An AP view with gentle traction can be

very helpful in determining the pattern of the fracture. If radio-

graphs are negative despite hip pain, a MRI scan is the best way

to confirm a hip fracture. If metastatic cancer is the cause of the

fracture, additional conventional radiographs and advanced

imaging studies will likely be needed to evaluate the entire

femur, and consideration should be given to additional imaging

to find the primary lesion, if not already known.

Pain Control

Pain management must be started in the ED as part of the initial

orders given for emergency care. Proper pain management is

humane and may reduce the likelihood of developing delir-

ium.29 Pain control is best accomplished with small doses of

narcotic medicine, for example, 1- to 2-mg doses of intrave-

nous morphine (Merperidine should not be used in older adults)

that can be titrated to achieve the desired effect. Other regimens

include the use of oral narcotic medications such as oxycodone.

In patients with renal or hepatic insufficiency, hydromorphone

is the narcotic of choice. If available, a peripheral nerve block

can help with pain relief.30 The use of traction is not helpful in

terms of pain relief for patients with hip fractures and may con-

tribute to pressure ulceration.27,31 In the ED, it is important to

achieve effective pain control without excessive sedation.

Triage and Admission

At this point, the type of hospital admission is determined. The

medical stability of the patient must be ascertained. Unstable

patients may require critical care admission. Most patients

should be admitted to an orthopedic surgeon or medical ser-

vice, depending on the care model of the institution. Clear ben-

efits exist to streamlining this process and admitting patients to

a hospital floor as quickly as possible.32,33

Low-pressure mattresses should be used to avoid pressure

sores, and nurses should be trained to recognize and prevent

them. A full skin examination with particular focus on the heels

and sacrum must be performed and documented during the

admission process. It is important to document any pressure

ulcer present on hospital admission.

To prevent skin inflammation and pain in female patients (or

in males with incontinence or voiding difficulties), a Foley

catheter is often placed while the patient is in the ED.

Figure 1. Clinical photograph of the lower extremities of a patient
with a left hip fracture. The left side is shortened and externally
rotated.
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Screening for Urinary Tract Infections

The Infectious Diseases Society of America was unable to

determine the clinical benefits of screening for and treatment

of bacteriuria prior to a surgical procedure with prosthetic

implantation, including orthopedic procedures. Urinalysis

should be performed and urinary tract infections should be

documented and treated if the patient is symptomatic. Although

chronic urinary tract infections or colonization may not be

symptomatic, urinary tract infections may increase the risk of

superficial wound infections. Therefore, patients who are

undergoing surgical procedures with implantation of hardware

are often treated with antibiotics in the perioperative period.

Perioperative Hydration

In the ED, hydration of the patient should be started. Patients

with hip fractures are almost always dehydrated. The physiolo-

gic stress response to surgery and trauma induces inflamma-

tion, catabolism, and fluid retention depleting even more the

intravascular volume. Typically, isotonic saline is used for

repletion of intravascular volume.

A Cochrane review has failed to identify the best crystalloid

for preoperative hydration. The amount of intravenous hydration

that a patient will need is based on clinical judgment. Based on

the available studies a range between 2 and 5 L is a safe estimate.

Some studies have questioned the accuracy of assessing

euvolemia using urine output, vital signs, or oxygen tonometry.

Other methods like central venous catheters also have been less

accepted as reliable. In terms of the type of crystalloid to be used,

isotonic (normal) saline could be started at 100 to 200 mL/h, and

the fluid status should be carefully followed.34 Caution is needed

to avoid volume overload because many seniors have cardiac

disease, are predisposed to heart failure, and excess of chloride

might cause hyper-chloremic metabolic acidosis.

The goal is to correctly diagnose the hip fracture, stabilize

the patient medically for any acute needs, and admit the patient

to the hospital. These goals must be accomplished quickly and

in a thoughtful and caring manner.32,33

Preoperative Medical Assessment

Bernardo Reyes, MD and Simon C. Mears, MD, PhD

Preoperative medical assessment of the patient with hip frac-

ture starts in the ED. The goal of the preoperative medical

assessment is to make surgical repair as safe as possible in a

timely manner. The ideal timing of fracture repair is within

24 hours after fracture.27,35 Early surgical repair improves

results by decreasing initial pain, length of stay, and complica-

tions.35-37 There is also an association between early surgical

repair and benefits in mid- and long-term outcomes.38

The preoperative medical assessment is meant to risk stratify

the patient, improve reversible acute medical abnormalities, and

prevent complications common in the geriatric patient.33 The use

of an interdisciplinary team approach (including orthopedics,

geriatrics or internal medicine/ hospitalist/ family medicine,

anesthesiology, nursing, and therapists) to fracture care and the

level of experience of the providers are very important factors

in achieving the best outcomes.32,33 It is important that the

anesthesia team be involved in this process to avoid delay in

surgical intervention. The goals of the team must be to optimize

the patient for early surgical repair. Coordination and coopera-

tion among surgeons, anesthesiologists, and others is critical.

This team approach should minimize unnecessary preoperative

tests and consultations, which can add expense and cause

delay.32,33 The goal of early surgery should always be kept in

mind, and any test that is ordered should have a clear and

immediate benefit to the patient. Evaluation or procedures that

are not needed for a surgical decision should be avoided.

For patients arriving from a skilled nursing facility (SNF), an

efficient method of transition to the inpatient hospital setting

is essential. When the patient is transferred, a summary listing

the patient’s most recent history and physical examination and

medication list is needed. Attention to mental status including

dementia and delirium is important. A confusion assessment

method (CAM) and some form of mental status testing will help

to determine this status. The short form mini-mental test39 and the

Figure 2. Standard radiographic views of the hip (A) anterior–
posterior (AP) and (B) lateral views of the hip.
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mini-cog test40 are good examples of short tests to look for demen-

tia. It is important to recognize cognitive problems because they

can predict the development of delirium during the hospital stay.29

Standard laboratory tests, including a basic metabolic pro-

file, complete blood count, prothrombin time (international

normalized ratio [INR]), and partial thromboplastin time,

should be obtained. If the electrolytes are abnormal, these

abnormalities should be corrected.

Cardiopulmonary Evaluation

Preoperative cardiac evaluation should be tailored with the

assumption that the patient requires early surgery. The aim of

this evaluation is to diagnose and treat possible absolute contra-

indications for surgery. The American Heart Association

(AHA) recognizes 4 major contraindications for surgery,

namely, ongoing or recent acute coronary syndrome (within

two weeks of surgery), decompensated heart failure, uncon-

trolled arrhythmia, and severe valvular disease.

The extent of the investigations to rule out any of these con-

ditions should be proportional to the medical history and the

history of present illness. For example, patients with prodromal

symptoms such as chest pain, palpitations, or loss of conscious-

ness are more likely to require a more comprehensive workup

than a patient who had a fall due to extrinsic factors only. Based

on current scientific guidelines, patients with an exercise

capacity of 4 or more metabolic equivalents (METs) without

symptoms should proceed to planned surgery.41 This determi-

nation is made by asking patients about their activity level.

Patients with an activity level of 1 to 3 METs can dress them-

selves, walk around the house, or walk a block at 2 mph. At 4

METs, a patient can climb a flight of stairs, walk a block at 4

mph, run a short distance, or do heavy housework. At 10 METs,

a patient can participate in strenuous sports.

The ECG should be reviewed to rule out abnormalities and

compared with a previous tracing, if possible. New or acute

changes should be followed with analysis of serum troponin

level to rule out myocardial infarction.

Rate and rhythm should be assessed. The use of additional

tests, such as echocardiograms or stress testing, should be used

only in compelling circumstances—for example, for the patient

with severe aortic stenosis or pulmonary hypertension, for

whom the anesthesiologist may need the results of an echocar-

diogram to enable appropriate care during surgery. The routine

use of echocardiogram is associated with delay or surgical

repair of hip fractures and only on a focused group of patients

has it demonstrated to change perioperative management.41

Anemia and Transfusions

The hemoglobin level should be checked to make sure that the

patient does not need blood transfusion before repair of the hip

fracture. Blood transfusion should be considered if the pre-

operative hemoglobin is below 8 g/dL because it likely repre-

sents a risk to a patient who will incur surgical blood loss,

leading to an additional decrease in the hemoglobin level.27,42

Coagulopathies

The prothrombin time/INR should be checked because the patient

may be on chronic anticoagulation therapy or have a condition

affecting coagulation. The treatment of patients with a markedly

elevated INR is controversial, with options ranging from watchful

waiting to the use of oral vitamin K or fresh-frozen plasma.43 If

the INR is less than 1.5, surgical intervention may proceed. The

treatment of an elevated INR is complicated by the acute need for

the patient with a hip fracture to undergo surgical fixation. The use

of oral vitamin K (oral is the preferred route) may expedite this

process. The fastest reversal is with the use of fresh-frozen plasma.

The use of fresh-frozen plasma appears to be safe and significantly

reduces time to surgical repair.44,45

For patient taking newer anticoagulants like dabigatran, riv-

aroxaban and apixaban, there is no reversal therapy therefore,

based on these products’ package insert, a prudent time

between the last dose of these medications and surgery is

approximately 48 hours. This could be extended on patients

with abnormal renal of hepatic function.

The need of bridge therapy for those patients taking Couma-

din at admission is determined by the risk of a thrombotic

event versus the risk of bleeding. The risk of thrombosis among

high-risk patient is 0.9%, 1.2%, and 1.8% for patients with

atrial fibrillation, mechanical valves, and history of recent deep

venous thrombosis, respectively. The corresponding risk of

major bleeding is 2.0%, 2.7%, and 1.9%, respectively, regard-

less of the use of bridging therapy.

Bridging therapy should be considered in patients with

mitral mechanical valves, atrial fibrillation with a stroke risk

prediction CHADS2 score of 4 or more, and venous throm-

boembolism (VTE) within the past 3 months of surgery.46,47

b-Blockers

The use of b blockers before surgery has been the objective

of controversy. The AHA strongly recommends continuing

b-blockers in patients undergoing surgery who are receiving

b-blockers for the treatment of any cardiac condition. For those

patients with high cardiac risk and who are naive to this group

of medications, AHA recommends to start and titrate a short-

acting b-blocker (ie, metoprolol tartrate) to achieve a heart rate

between 80 and 60 beats/min. Due to findings of more recent

studies, the routine administration of perioperative b-blockers,

particularly in higher fixed-dose regimens begun on the day of

surgery is not recommended.41 Additional beta blockade may

decrease the risk of cardiac events but give a higher risk of

hypotension, stroke, and death.48

Of note, the validity of the data that were used to write the cur-

rent AHA guidelines has been questioned. Nonetheless, more

recent large observational studies confirmed the benefits of peri-

operativeb-blockers in patient undergoing orthopedic procedures

when the patients have history of heart failure or an acute coron-

ary syndrome within 2 years of their surgery. Therefore, although

more evidence is needed, for now, starting these medications

before surgery in selective populations seems to be beneficial.
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Patients with Pulmonary Disease

Postoperative pulmonary complications can occur in up to 50% of

patients with chronic pulmonary disease. Preoperative pulmonary

evaluation (including pulmonary function tests) does not predict

respiratory complications in nonelective surgery. Steroids and

bronchodilators may be indicated, although the risk of producing

arrhythmia or myocardial ischemia by beta agonists must be con-

sidered. Respiratory infections should be treated as soon as

possible as they can affect outcomes significantly.

Regardless of any preexisting cardiopulmonary condition,

chest radiographs are commonly ordered as a part of preopera-

tive evaluation. Although it has been found that rarely changes

management, patients who received preoperative chest radio-

graphs have a lower rate of pulmonary complications.49

� Optimize the patient for early fracture repair!
� Medical optimization

The team works toward early surgical repair;

hydrate the patient;

recognize cognitive dysfunction (delirium and dementia);

optimize electrolytes;

correct coagulopathy;

diagnose aortic stenosis, pulmonary hypertension, myo-

cardial infarction;

reconcile medications; and

solidify advanced directives.

� Tests to avoid

Echocardiogram (may be useful if severe aortic stenosis

or severe pulmonary hypertension is suspected);

cardiac stress test;

pulmonary function test; and

routine subspecialist consultation.

Anesthesia Management

Omar I. Ahmed, MD, Jean-Pierre P. Ouanes, DO and
Frederick E. Sieber, MD

Currently, the anesthesiologist may select from a variety of

techniques to enable the surgeon to perform hip fracture repair.

These include spinal, epidural, or general anesthesia. Many

studies have been performed to try to determine whether one

technique is better than the other. No differences have been

found between techniques in the current literature.50,51

However, there is much evidence to suggest that regional

versus general anesthesia is associated with better outcomes

in patients with hip fracture.27 Researchers reviewed data from

400 US hospitals to determine whether neuraxial anesthesia or

general anesthesia had better outcomes following primary hip

or knee replacements.52 They found that the neuraxial group

had an 80% lower 30-day mortality rate and 30% to 50% lower

risk of major complications including stroke, renal failure,

pneumonia, or need for mechanical ventilation. Recently, a

close examination of a retrospective cohort of patients with hip

surgery specifically looked at regional versus general anesthe-

sia with a primary outcome of inpatient mortality and

secondary outcomes of cardiovascular and pulmonary compli-

cations. In this review of over 18 000 cases, patients who

received regional anesthesia had a significant reduction, up to

29%, in pulmonary complications and mortality.53 Similarly,

a meta-analysis of patients with hip fracture has shown that,

compared with general anesthesia, regional anesthesia is asso-

ciated with reduced incidence of deep vein thrombosis,

decreased early mortality, but longer operative times.54

Spinal and epidural anesthesia has been shown to decrease

intraoperative blood loss.55 A variety of mechanisms have been

proposed to explain the beneficial effects of regional anesthesia

on perioperative blood loss. The decreased blood loss is most

likely the result of arterial and venous hypotension below the

level of the neuraxial blockade. In a study of regional versus

general anesthesia for total hip arthroplasty, patients were ran-

domized to 1 of the following 3 anesthetics: (1) epidural

anesthesia alone, (2) general anesthesia with spontaneous ven-

tilation, or (3) general anesthesia with positive pressure

mechanical ventilation.56 The beneficial effects of neuraxial

anesthesia on blood loss may be lost with positive pressure ven-

tilation unless induced hypotension is employed.

A recent review examined whether general or regional

anesthesia is associated with a greater risk of postoperative

delirium.57 Most studies examining elective surgery suggest

no difference between regional and general anesthesia in terms

of in postoperative delirium. In contrast to elective procedures,

however, evidence suggests that type of anesthesia influences

postoperative delirium after the urgent surgery of hip fracture

repair. A Cochrane review compared outcome differences in

patients with hip fracture who received regional and general

anesthesia.58 Based on 5 randomized controlled trials, the num-

ber of patients who experienced a postoperative state of confu-

sion (delirium) was 11 (9.4%) of 117 in the regional anesthesia

group and 23 (19.2%) of 120 in the general anesthesia group

(relative risk 0.50, 95% confidence interval 0.26-0.95; overall

effect z ¼ 2.12, P ¼ .03). The authors concluded that with hip

fracture surgery, regional anesthesia, compared with general

anesthesia, is associated with a 2-fold reduced risk of acute

postoperative confusion.

Controlling the level of sedation during regional anesthesia

has been shown to prevent delirium in high-risk populations. A

recent randomized double-blind trial examined the question of

whether light or deep sedation could decrease the incidence of

postoperative delirium.59 In elderly patients undergoing hip

fracture repair with spinal anesthesia, patients were rando-

mized to receive either light or deep sedation with propofol and

then were followed postoperatively for delirium. The study

showed that in this high-risk population, patients with light

sedation had a 50% lower incidence of postoperative delirium

than did those with deep sedation. The effect was associated

with a mean reduction in almost 1 day of delirium for the light

sedation group. This study points to the role of excessive seda-

tion during the perioperative period as a risk factor for delirium

in patients with hip fracture.

In considering neuraxial anesthesia, it is important to deter-

mine whether the patient is taking anticoagulants. Epidural and
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spinal hematomas are rare but devastating complications with

spinal and epidural anesthesia. The reported incidence is less

than 1 in 150 000.60 The leading risk factor for epidural hema-

toma is anticoagulation use. For guidelines concerning adminis-

tration of spinal or epidural anesthesia in patients who are taking

anticoagulants, we refer the reader to the American Society for

Regional Anesthesia and Pain Medicine consensus statement

on neuraxial anesthesia and anticoagulation.61

Peripheral nerve blocks may be attempted to provide surgi-

cal anesthesia and analgesia for lower extremity surgery.55

However, consistent blockade may prove challenging due to

individual variations in nerve distributions and variable spread,

especially in the case of the psoas compartment or 3:1 blocks.

For hip fractures, both the lumbar plexus and the sciatic nerve

distributions need to be covered. The lumbar plexus must be

covered to include the lateral femoral cutaneous and femoral

nerves. For surgeries and fractures at and below the knee, both

the femoral and the sciatic nerve distributions need to be cov-

ered. In some patients, the obturator nerve may also contribute

to sensory innervation of the medial knee.

Pain secondary to the fracture itself may make performing a

regional technique challenging. However, appropriate preo-

perative sedation during the block can facilitate regional and

neuraxial anesthesia. Older adults may have dementia or other

neurological conditions. Such underlying problems will chal-

lenge anesthetic plans and may oftentimes lead practitioners

to select general anesthesia over regional to manage the

patient’s lack of cooperation.

In summary, debate continues as to the best anesthetic tech-

nique for hip fracture surgery. The current literature shows lit-

tle difference between general and spinal techniques.51 Data

quality is poor, and there may be differences in outcomes if the

depth of sedation were controlled. Further study is required to

determine whether one method is better than another. Regional

techniques such as obturator or iliac fascial nerve block help

with pain in the perioperative period.27

Anesthesia for Hip Fractures

� Current literature shows no difference between general and

spinal anesthesia for patients with hip fracture.

� Literature is flawed as depth of sedation may be the key

factor and this has not routinely been measured.

� Additional regional techniques such as nerve blocks may

help with pain control both while waiting for surgery and

after surgery.

Surgery

Simon C. Mears, MD, PhD

The type of surgery needed to manage a hip fracture is deter-

mined by the fracture type (femoral neck, intertrochanteric or

subtrochanteric; Figure 3) and the individual needs of the

patient. Femoral neck fractures may be classified as stable or

unstable, depending on the fracture pattern, displacement, and

angulation. Stable femoral neck fractures are nondisplaced

fractures or valgus-impacted fractures with no angulation on

a lateral radiographic view. Some nondisplaced fractures may

require MRI imaging for visualization.27

Femoral Neck Fractures

Nondisplaced femoral neck fractures are treated with surgery

because there is a 20% chance of displacement with nonopera-

tive treatment.62 This risk increases to 79% when the patient is

more than 70 years old.63 Surgery typically involves fixation

with 2 to 3 cannulated screws (most typically, 3), with the patient

on a fracture table. The use of washers seems to improve fixation

in osteoporotic bone. The position of screws is important:

They should be spread apart and placed next to the cortex of

the femoral neck inferiorly, superiorly, and posteriorly. An

inverted triangle pattern has been shown to lead to significantly

less nonunions than a triangle pattern of screw insertion.64 The

bottom screw must be above the level of the lesser trochanter to

prevent a stress riser in the subtrochanteric areas that can result

in subtrochanteric fracture.65 The screw threads should not

cross the fracture line and should be placed as deeply into the

head as possible without head penetration. The results of screw

fixation for stable fractures are satisfactory with revision rates

approximating 10%; the more stable the fracture, the better the

results.66,67 Some limbs may later develop shortening, osteone-

crosis, nonunion, or screw cutout. The degree of posterior tilt

does not seem to affect the results of screw fixation. In a review

of 382 patients with either Garden I or Garden II fractures, the

rate of revision was 19% at 5 years, with no difference between

Figure 3. This image shows the 3 typical locations of hip fractures,
namely, femoral neck, intertrochanteric, and subtrochanteric regions.
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fracture types.68 Hemiarthoplasty may also be an option for

nondisplaced fractures. No studies have directly compared

screw fixation versus hemiarthroplasty for nondisplaced frac-

tures. The satisfaction of patients with displaced fractures with

hemiarthroplasty is higher and the revision rate lower than

patients with nondisplaced fractures treated with screw fixation.67

If the fracture is unstable, the choice of treatment is based on

an algorithm that uses information about the patient and the

surgeon.69 The basic choices are reduction and internal fixa-

tion, hemiarthroplasty, or total hip arthroplasty: Open reduc-

tion and internal fixation (ORIF) should be reserved for very

young patients. Hemiarthroplasty is an excellent choice for the

older or medically infirm patient with a relatively normal acet-

abulum, and total hip arthroplasty has been shown to give the

best outcomes for the active elderly patient.70 The choice of

surgery should also be tempered by the surgeon’s skill. For

instance, those less familiar with total hip replacement will

achieve better results with hemiarthroplasty. The goal of sur-

gery should be to achieve the best result with the fewest reo-

perations in the timeliest manner.

Internal fixation has a higher rate of reoperation and lower

patient satisfaction than hemiarthroplasty for displaced frac-

tures. This has been shown true a long-term follow-up. The rate

of reoperation for internal fixation is about 23%.71 Internal

fixation has also been shown to be inferior to hemiarthroplasty

for patients with severe cognitive dysfunction.72 Internal fixa-

tion is more expensive than hemiarthroplasty when the cost of

reoperation is considered.73

For arthroplasty procedures, there is debate about which type

of femoral prosthesis should be used. Although uncemented

stems are used most commonly in the United States, the role

of the cemented stem in very elderly patients (more than 85 years

old) with hip fracture should not be forgotten and may be super-

ior to uncemented stems.74 Excellent long-term results with

cemented stems should give assurance that a well-placed stem

will last the length of the patient’s life.74,75 The cemented stem

has the advantage of a lower fracture rate (both insertional and

later peri-prosthetic fractures) and easier use in the patient with

advanced osteoporosis and the stovepipe or Dorr type C anatomy

of the femur.75 Several randomized and long-term studies have

shown significantly lower periprosthetic fracture rates with the

use of cemented stems for hemiarthroplasty.27,76-78 Cemented

stems do have the potential disadvantage of acute intraoperative

hypotension at the time of cement insertion. When larger num-

bers of patients (11 116 cases with hemiarthroplasty) were exam-

ined in the Norwegian Hip Fracture Register, the rate of

intraoperative death was higher for the use of cemented stems

(26 of 8639 patients) compared to uncemented stems (1 of

2477 patients), although the rate of fracture and implant failure

was higher for the uncemented stems (97% 5-year survival of

cemented stems vs 91% for uncemented stems).79 Uncemented

stems can be used in osteoporotic bones, but their placement is

difficult, especially for the surgeon who performs hip replace-

ments infrequently, such as may be the case when an on-call sur-

geon performs the hip fracture procedure. If an uncemented stem

is selected, many designs have been shown to be effective in

Dorr type C bones, including those with proximally coated,

rectangular, or fully coated designs. Uncemented stems have

a higher risk of intraoperative fracture.27,75 The experience of

the surgeon in using the stem most familiar to them is the most

important factor for success.

If a hemiarthroplasty is selected, a uni- or bipolar type of head

may be used.27 In the past, a unipolar head was associated with

poor femoral fixation, which leads to poor results. With the use

of a well-fixed stem, there seems to be no advantage to the use of

a bipolar construct in terms of range of motion or pain level.80 It

is possible that later acetabular erosion is more common with the

unipolar head.81 The hemiarthroplasty does leave the patient sus-

ceptible to wear of the articular cartilage or pain in the hip sec-

ondary to mismatch of the size of the selected head and the

native acetabulum. This potential disadvantage has led to the use

of total hip arthroplasty for patients who are active or physiolo-

gically young. Several randomized controlled trials have shown

that, in such patients, total hip arthroplasty has proven superior

for pain relief and functional outcomes.70,75,82,83 Patient

recorded outcomes are best with total hip arthroplasty when

compared to hemiarthroplasty or internal fixation.84

The better functional outcomes of total hip replacement do

not come without potential cost. The rate of dislocation after

total hip replacement is higher than after hemiarthroplasty. The

dislocation for total hip replacement after fracture has been

shown to be higher than after care for osteoarthritis. It is

unclear whether this is due to anatomical differences such as

a laxer capsule in patients with fracture or whether this is due

to the skill level of nonarthroplasty surgeons performing a more

technically challenging procedure. It is thought that the use of

an anterolateral approach and larger bearing surfaces will help

to reduce dislocation rates.

Intertrochanteric Fractures

Intertrochanteric fractures have been classified by several sys-

tems,85 but they are more practically termed stable or unstable

(Figure 4). Stable fractures typically have 2 or 3 parts with

intact medial and lateral buttresses and should be treated with

sliding hip screw fixation. The lateral buttress allows for a firm

end point to the sliding of the screw.86 The sliding hip screw

works by having a firmly anchored screw in the femoral head.

The screw slides in the barrel of the side plate, allowing for

compression of the neck of the femur against the greater tro-

chanter. Over time and with weight bearing, the screw may

slide, further compressing the fracture. The key factor in the

success of the hip screw is the placement of the screw within

the femoral head. The screw should be as deep as possible and

centered with the head. The importance of the position has been

quantified by the tip-apex distance, that is, the distance

between the tip of the screw and the apex of the femoral head

on the posterior–anterior and lateral views. When this distance

is <25 mm and the chance of success and healing is excellent. If

the tip-apex distance is >25 mm and the rate of failure is

increased.87
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Unstable fractures are characterized by comminution, a

reverse obliquity fracture line, or extension into the shaft of the

femur. In these cases, the lateral buttress is not intact and will

not provide an end point to sliding, so a sliding hip screw has a

higher rate of failure in these fracture patterns.88 The unstable

fracture is best treated with an intramedullary nail because it

provides the buttress for the proximal fragment.27 A fixed angle

device, such as an angled blade plate, may also be considered.

There are 3 important technical points concerning the inser-

tion of an intramedullary nail. First, the fracture must be

reduced before nail insertion and open reduction performed if

necessary. Second, the proximal part of the nail must be med-

ialized during insertion to prevent additional iatrogenic frac-

ture. Third, the nail must be held still in the femoral canal

during hip screw insertion so that the screw does not migrate

proximally, a step that is critical in assuring assure a low tip-

apex distance.

A short or a long intramedullary nail may be used. Although

the long nail may protect more of the femoral shaft, the bone

can be at risk of fracture distally around the end of the nail

above the knee. The nail may also cause an intraoperative frac-

ture at the anterior cortex of the distal femur because of a mis-

match between the anterior bow of the nail and that of

the femur. Care must be taken during nail insertion to avoid

fracture. Good evidence does not exist for the choice of a short

versus long nail for unstable intertrochanteric fractures.89

The goal of hip fracture surgery is to permit the patient to bear

weight as tolerated after surgery.90 Elderly patients usually

Figure 4. The AO/OTA classification of the extra-capsular proximal femur fractures (intertrochanteric-subtrochanteric region). According to
this classification system, the femur is labeled bone 3, and the proximal femur segment is labeled 1. The ‘‘A’’ types are extracapsular fractures.
Types A1.1 to A2.1 are generally considered to be stable patterns. Types A2.2 to 3.3 are usually considered unstable fractures.
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cannot limit their weight bearing or follow mobility restrictions.

Allowing patients to bear weight will help with mobilization and

recovery and is recommended when stable surgical repair has

been achieved.91 The surgeon should choose a procedure that

will allow full weight bearing immediately postoperatively.

Treatment of Femoral Neck fractures

� Nondisplaced: screw fixation

� Displaced low activity level: hemiarthroplasty

� High activity level: total hip arthroplasty

Treatment of Intertrochanteric fractures

� Stable fractures with intact lateral wall: sliding hip screw

and side plate

� Unstable fractures: intramedullary hip screw

Surgical Complications of Hip Fractures

Simon C. Mears, MD, PhD

An important goal of hip fracture repair is to minimize reopera-

tion—‘‘single shot surgery’’. This goal should guide surgical

decision making. Despite sound decision making and meticu-

lous surgical technique, complications can occur which require

further surgery. A second hip fracture surgery is more likely to

be associated with an adverse event because the patient is fur-

ther debilitated than during their initial fracture. Results of reo-

peration are not as good when compared to primary repair.92

Patients requiring a second surgery are often those with the

most medical comorbidities and with the poorest bone quality.

Surgical complications differ between those associated with

arthroplasty and those associated with ORIF.

Arthroplasty-Related Complications

Infection. Infection is the most feared complication of arthro-

plasty. Rates of infection after arthroplasty range between

0.2% to 0.8%.93,94 Infection risks are higher in smokers, mor-

bid obesity, uncontrolled diabetes, poor dentition, or open

wounds or other sites of infection. Due to the urgent nature

of hip fracture surgery, most of these risk factors cannot be

altered prior to fracture repair. In contrast, elective arthroplasty

for an arthritic condition can be postponed until patient-specific

factors can be modified or resolved. Rates of infection after

hemiarthroplasty for hip fracture have been reported at 1.3%
in the Scandinavian database.95 Infections can occur immedi-

ately after the procedure or later. The patient with a wound that

does not heal or continues to drain after hip replacement

is likely to have infectious process. Workup for infection

should include an initial Erythrocyte Sedimentation rate (ESR)

and C-reactive protein (CRP) test. If either is elevated, a hip

aspiration should be performed.96

Any wound that continues to drain should suggest infec-

tion. Aggressive surgical treatment of this is required, with

washout of the joint and exchange of any possible bearing

surfaces. Cultures should be taken prior to antibiotic

administration, to help guide antibiotic treatment. If wash-

out fails or if the infection is diagnosed after several weeks,

strong consideration should be given to removal of the

implants with 1-stage or 2-stage treatment and subsequent

reimplantation. Implant removal can be a very difficult

decision to make in a patient with frail hip fracture. The

causative organism should be sought and sensitivities should

guide treatment.

Loosening. Loosening is a late complication of arthroplasty. Any

painful arthroplasty should be evaluated radiographically.

Radiographic signs of loosening include lines around the pros-

thesis. A loose implant should be assessed for infection with

ESR/CRP testing and aspiration of the joint. If this is workup

is negative, the implant may be aseptically loose. Revision sur-

gery is required with removal of the loose implant.

Fracture. Periprosthetic fracture may occur during component

insertion or in the early or late postoperative period. Uncemented

prostheses have a significantly higher rate of periprosthetic frac-

ture than cemented prostheses.76-78 Intraoperative fractures, if

noticed, can be treated with cerclage wires or cables. Treatment

of postoperative fractures depends on whether the implant is loose

or stable. The Vancouver classification is widely used to help

guide treatment.97 Loose implants require revision and stabiliza-

tion of the fracture.98 Stable implants require fixation of the frac-

ture. Modified plates that allow for screw fixation around

implants have been developed which are helpful for peripros-

thetic fracture fixation.

Dislocation. Dislocation is a known risk of arthroplasty. The

risk is higher with total hip arthroplasty when compared

to hemiarthroplasty. The risk of dislocation is higher if

components are malpositioned. Typically, this is retroversion

of the stem or cup. Surgical approach also can affect disloca-

tion risk.27 Posterior approaches have a higher dislocation

risk of hemiarthroplasty when compared to anterolateral

approaches.95 In total hip arthroplasty, increasing the head

size decreases dislocation risk. Risk of dislocation after total

hip arthroplasty for hip fracture is thought to be higher than

after total hip arthroplasty for osteoarthritis. It is unclear

whether this is due to surgeon skill or anatomical differences.

Some theorize that the hip capsule is tighter in patients with

osteoarthritis and that the looser capsule or more normal cap-

sule in a hip fracture patient allows for higher dislocation risk.

Additional issues include retained fragments of bone in the

acetabulum and improper head size for bipolar /monopolar

replacement. A good ‘‘suction fit’’ between head and acetabu-

lum is needed with hemiarthroplasty. Clearly, attention to

component position is very important in arthroplasty after hip

fracture. Dislocation of prostheses is generally treated with an

initial closed reduction. If this is not possible open reduction

must be performed. Strong consideration should be given to

using larger head size or a constrained liner in patients with

total hip dislocation. During an open reduction or revision
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surgery, component position must be very carefully checked

and revised if indicated.

Wear. It is possible for there to be wear issues after both hemi-

arthroplasty and total hip arthroplasty. Hemiarthroplasty may

lead to cartilage wear and acetabular erosion. Bipolar implants

may also develop wear of the plastic liner after many years.

Total hip replacement may develop polyethylene liner wear.

Wear should be assessed radiographically at 5- and 10-year

intervals after surgery. Significant polyethylene wear may

cause osteolysis and in such cases revision should be performed.

Pain. Severe pain is thought to persist in about 6% of patients

after hip replacement.99 Pain may occur for several reasons

after arthroplasty. Hemiarthroplasty can be painful do to a mis-

matched head size to the acetabulum. It is possible for the acet-

abular cartilage to wear resulting in arthritic pain. Stiffness of

the stem within the femur may cause proximal thigh pain. This

is more common with uncemented fully coated prostheses. Soft

tissue pain may occur around the trochanter or psoas tendon or

posterior superior iliac spineregion. This is generally treated

with physical therapy and injections.

Limp. Limp may occur do to damage to the abductor mechan-

ism. Risk of limp is higher using an anterolateral approach

compared with the posterior approach for arthroplasty. This

may lead to a Trendelenburg-type gait. This will usually

resolve in approximately 1 year.

Leg length discrepancy. Arthroplasty can lead to a leg length

inequality. Careful trialing and templating can help reduce the

risk of leg length differences. Treatment should be with a shoe

lift on the contralateral side.

Open Reduction and Internal Fixation-Related
Complications

Infection. Continuedredness or drainage after ORIF should sug-

gest infection (Figure 5). Aggressive washout and debridement

should be performed if drainage is not improving. Cultures

should help guide the use of long-term intravenous antibiotics.

Stable fracture fixation is left in place until healing occurs.

Infection must be suppressed during this period. Unstable

implants should be revised.

Nonunion/fixation failure. If fracture healing does not occur,

eventually the fixation device will fail. With hip fracture fixa-

tion, the bone around the implant may also fail. This is espe-

cially true if positioning of the implants is poor. Most

commonly this is due to superior positioning of a hip screw.

In this case, the implant does not get purchase in the best pos-

sible bone (Figure 6). Poor positioning may lead to cut out of

devices through the femoral head. This may occur with screws,

sliding hip screws, or intramedullary hip screws. If cut out of a

device occurs, the metal screw protrudes into the acetabulum

which usually causes severe pain. Treatment entails conversion

to an arthroplasty.100 If the fracture does not heal, treatment

may vary depending upon the exact fracture pattern. Femoral

neck nonunion is treated with conversion to arthroplasty.

Figure 5. Wound infection after patella fracture surgery.

Figure 6. A nonhealing intertochanteric hip fracture with cutout of a
sliding hip screw.
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Intertrochanteric or subtrochanteric nonunion is a more diffi-

cult problem. This may be either treated with conversion to a

complex arthroplasty or with consideration for refixation.

Selection of treatment options will depend on bone quality and

the exact nonunion pattern.

Shortening/leg length discrepancy. Hip fracture typically leads to

shortening of the limb. This gives the patient a leg length dis-

crepancy and leads to weakness of the hip musculature due to

shortening of the lever arm around the hip. Initial treatment

should be with a shoe lift. If the leg length discrepancy is both-

ersome enough to the patient and they’re healthy enough, the

only way to get further length is to convert the repair to a hip

arthroplasty. This may be a partial or total hip replacement

depending on the activity level of the patient and the state of

the acetabular cartilage.

Osteonecrosis/osteoarthritis. Osteonecrosis is a risk after repair of

femoral neck fracture and less commonly after intertrochanteric

fractures. Onset of osteonecrosis is delayed and occurs after 1

to 2 years. The head of the femur collapses leading to arthritis.

Treatment is with conversion to hip replacement. Osteoarthritis

may also be preexisting or worsen after fracture repair. Treatment

is also with conversion to arthroplasty if the pain is severe enough.

Conversion to Arthroplasty

Conversion after screw fixation is relatively straightforward.101

The screws must be removed which creates a weak area in the

lateral femur. Care must be taken not to split the bone and not

to insert the stem outside of the femur. Conversion after a sliding

hip screw is more complicated. The device must be removed.

The hip should be dislocated first prior to implant removal. Dis-

location puts a lot of force on the bone and puts the bone at risk

of fracture after implant removal. Conversion after sliding hip

screw can be more difficult due to heterotopic bone formation

and trochanteric malpositioning. Conversion after intramedul-

lary nail fixation is more difficult than after sliding hip screw.

Removal of the nail can be difficult. The nail may be overgrown

with heterotopic bone and damage to the abductors occurs with

extraction. Conversion after nailing puts the patient at higher risk

of greater trochanter fracture, abductor deficiency, limp, and

dislocation.102

Stem selection can be based on surgeon preference but

should have some sort of distal fixation for conversion after

Sliding hip screw (SHS) or Intramedullary nail (IM) nail

devices. The stem can be cemented or uncemented. Longer

stemmed, calcar replacing, or modular implants may be

required (Figure 7). The surgeon may select either a hemiar-

throplasty or a total arthroplasty depending on the state of the

acetabular cartilage and the activity level of the patient.

� Surgical complications after hip fracture repair often result

in further surgery to correct the problem.

� Surgeons should try to avoid further surgery in hip fracture

patients.

� Most commonly, failure leads to revision surgery or con-

version of a repair to a hip arthroplasty.

Pain Management

Omar I. Ahmed, MD, Jean-Pierre P. Ouanes, DO and
Frederick E. Sieber, MD

Assessment of postoperative pain in the elderly patients can be

challenging for several reasons. There appears to be both an

age-related increase in pain threshold and a tendency for older

adults to underreport pain.103,104 Cognitive impairment can

also make pain assessment and treatment difficult. In general,

pain-intensity scales may be used for assessment. Numerical

rating scales and verbal descriptor scales have been used suc-

cessfully in cognitively intact elderly patients, whereas visual

analog scales may lead to frequent nonscorable responses with

the elderly patients.104 In patients with mild to moderate

dementia, the 0 to 10 pain assessment tool and the verbal

descriptor scale have been found to have adequate but not per-

fect reliability and validity.105 In patients with advanced demen-

tia, pain assessment may be performed with one of several pain

assessment tools available for seniors with dementia.105

If used intraoperative, peripheral nerve blockade can be

continued into the postoperative setting with the use of con-

tinuous catheters. Local anesthetic delivered through these

catheters target the appropriate nerves either in a continuous

infusion or in patient-controlled modality. A recent systemic

Figure 7. A long stemmed calcar replacing stem used to treat failed
fixation in an intertrochanteric hip fracture.
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review of 83 studies looked at various pain management tech-

niques for hip fractures in older patients.106 Overall, periph-

eral nerve blockade was seen as an effective way to reduce

acute pain in this population while reducing the incidence

of delirium. The use of peripheral nerve blockade reduces use

of opioid and systemic analgesic interventions. Peripheral

nerve blocks may be used both in the operating room for post-

operative pain but also in the ED for fracture pain. In the ED,

nerve blocks have been shown to significantly lower pain

from the hip fracture.107,108 Implementation of nerve blocks

in the ED can be difficult and either requires availability of

a trained anesthesiologist or training of ED physicians in

block techniques. An ultrasoundmachine in the ED is also

helpful. Protocols to allow for this on a routine basis are nec-

essary, and organizational roadblocks are common in organiz-

ing this service for patients.

When selecting opioids for pain management, there is no

difference in cognitive outcome when comparing fentanyl,

morphine, and hydromorphone109; meperidine is the only

opioid that has been definitively associated with delirium, and

it should be avoided.110 With regard to the mode of opioid

administration, there is no difference in cognitive outcome

between intravenous and epidural administration.109 To sum-

marize the relationship between postoperative delirium and

pain management with opioids in patients with hip fracture, the

strongest evidence supports avoiding meperidine, and there is

only weak evidence that the mode of administration is an

important factor.

Intravenous patient-controlled analgesia (IV PCA) is a com-

monly used delivery method of systemic opioids in the post-

operative setting. Because of its ability to take into account the

wide variability between patients, IV PCA has been proven to

be associated with better patient outcomes and satisfaction

when compared to traditional nurse-administered bolus regi-

mens.111,112 In the elderly population, IV PCA has been used

successfully but with special considerations related to comorbid-

ities, polypharmacy, decreased pain perception, declined physio-

logic reserves, and changes in pharmacokinetics.103,113,114 These

factors warrant slow titration of opioids even in the PCA setting.

Furthermore, patients with baseline dementia or cognitive dys-

function are generally poor candidates for IV PCA. Elderly

patients are also at greater risk of developing respiratory depres-

sion, therefore a background or basal infusion of opioid is gen-

erally not recommended.

The push for multimodal analgesia is of great importance in

the elderly population. Given the likely comorbidities and

increased sensitivities to opioids, the usage of multiple

approaches to treating pain should be utilized. Opioids them-

selves may induce delirium, and elderly patients may have

increased cerebral sensitivity to them.115 Use of regional

analgesia alongside nonopioid pharmacologic interventions,

such as acetaminophen and nonsteroidal anti-inflammatory

drugs (NSAIDs), these pain treatment modalities act synergis-

tically to reduce pain and spare the usage of opioids.116 Care

should be taken however with the use of multiple pain medi-

cines in the elderly patient. Some may promote delirium, and

practitioners should be aware of the Beer list created by the

American Geriatrics Society.117 For instance, scopolamine

patches are a common adjunct used to prevent postoperative

nausea in multimodal pathways for hip and knee replacement.

In elderly patients, these patches put the patients at higher risk

of delirium. Nonsteroidal anti-inflammatory drugs may cause

acute kidney injury in those with renal insufficiency. Multimo-

dal methods should be built into order sets so that poor

medicine choices can be avoided. Effective control of acute

pain and the reduction in chronic pain rely on a strong multimo-

dal analgesic plan in the perioperative and postoperative peri-

ods.116,118 Early surgery is likely one of the best ways to

decrease pain in the patient with hip fracture. After surgery,

pain levels are relatively low with multimodal pain control.119

In summary, pain control for patient with hip fracture starts

in the ED. Multimodal techniques are best and should be inte-

grated into the clinical care pathway.27 Development of a ser-

vice to provide peripheral nerve blocks in the ED may help to

decrease pain while patients are waiting for hip fracture repair.

Keys to Pain Management in the Patient With
Hip Fracture

� Good control of postoperative pain reduces delirium and

improves a patient’s ability to participate in rehabilitation.

� Peripheral nerve blocks may help pain before and after

surgery.

� Multimodal techniques are helpful to decrease narcotic

requirement.

� Care is required to avoid medicines that may promote delir-

ium in the elderly patients.

� Early surgery is a good pain management strategy.

Wound Care and Infection Prevention

Stephen L. Kates, MD, and Amy Kates, MS, RN-BC

Wound infection is a serious complication that is best avoided.

Prevention of infection has been studied for over 150 years.

There are many factors involved in prevention of infection and

they are reviewed below by type. It should be remembered that

it is every health care provider’s obligation to try to prevent

infection in their patients.

Host Factors are factors intrinsic to the patient. Some of

these factors are disease states and others are related to patient

behaviors. The host factors include Existing foci of infection

elsewhere in the body have been shown to contribute to devel-

opment of a surgical site infection, presumably through a

hematogenous route in many cases. These include issues such

as dental, gastrointestinal, urinary, and pulmonary infections

and other bony infection foci.120,121 Control of other sites is

recommended prior to elective and semielective surgery.121-124

Diabetes is a disease that is reported to be increasing in fre-

quency. Diabetes control is often assessed by the glycosylated

hemoglobin level (HbA1C). This is a modifiable risk factor in

the perioperative period by medically assisting the diabetic

70 Geriatric Orthopaedic Surgery & Rehabilitation 6(2)



patients to improve their glucose control for elective surgeries.

When the surgery is urgent, glucose control should be done by

protocol to keep the serum glucose level between 100 and 180

mg/dL.125,126 Nutrition is another modifiable risk factor for the

development of infection. Patients may be malnourished as evi-

denced by history, examination, and laboratory findings of low

serum albumin level <3.5g/dL and serum transferrin < 200 mg/

dL and total lymphocyte counts < 1200 cells/mm3.127 Morbid

obesity is an independent risk factor for infection.124 Particu-

larly for elective surgery, nutritional interventions may be use-

ful.123 Skin condition is sometimes a risk factor that can be

modified prior to surgery. In many cases, the skin condition

is not optimal for surgery. Infections, blisters, abrasions, and

skin tears may cause delay in definitive care and require use

of other treatments such as spanning external fixation until the

skin condition has improved. Chronic skin conditions such as

yeast infections and psoriasis can also be managed medically

prior to surgery to reduce the risk of developing a surgical site

infection. Some patients are chronic carriers of methicillin-

resistant Staphylococcus aureus (MRSA), particularly in their

nares. Decolonization of the nares has been shown to be helpful

in reducing infections.121,126,128,129

Smoking is a risk factor for wound infection as well as

delayed bone and wound healing.121 Smoking cessation should

be encouraged. Immune system diseases such as HIV infection

also increase the risks of surgical site infections130 as do auto-

immune diseases such as Rheumatoid Arthritis.123 These can

be managed medically but cannot be eliminated as risk factors.

Steroid use is a risk factor for infection as well. There is some

controversy as to the level of effect this medication has on

infection rates. Disease modifying anti-rheumatic drugs such

as antitumor necrosis factor and anti-interleukin 1 biologic

antagonists in particular also increase a patient’s risk of surgi-

cal site infection or delayed wound healing.131 These medica-

tions should be discontinued prior to surgery and not

restarted until the wound has fully healed.131 Patients from a

lower socioeconomic status, patients with anemia, and patients

with comorbidities (ASA score �3) also have an elevated risk

of infection.121 Preoperative transfusion with allogeneic blood

has been suspected to increase the risk of surgical site infection

but the evidence for this is weak.

As hip fracture surgery is urgent and delay worsens results,

many host factors cannot be improved as much as the prac-

tioner would like. In these cases, the risks of delay have to

be weighed versus the risk of the correctable host factor.

Trauma Situations

Trauma situations offer many challenges when considering sur-

gical site infections. The situation is urgent or emergent and

there is less time to properly prepare the patient for surgery.

The patient may present to the hospital with open, contami-

nated wounds, abrasions, blisters, and other sites of injury

(Figure 8). These are several special situations that should be

considered when prevention of infection is analyzed. The open

wound may be contaminated with foreign material. When there

is foreign material or an implant present, the bacterial load

required to cause infection is markedly lower (100 organ-

isms/gm of tissue).132 Formal debridement of the wound is

an essential element in the care of open wounds. Likewise,

abraded or blistered skin will increase the risk of developing

a surgical site infection. Often, it is best to allow such skin to

heal prior to performing a surgical approach through or adja-

cent to it. The burden of comorbidity carried by the patient also

contributes heavily to outcomes. The patient with many comor-

bidities will be more likely to develop an infection with sur-

gery.133 Additional features that carry a worse prognosis are

deep wound contamination, necrotic tissue in the wound and

delays in treatment.134

Preoperative Factors

In 2004, 63% of hospital-acquired infections were caused by

MRSA.135 There are many preoperative factors that can be

modified to help reduce the risk of surgical site infection.

These include preoperative medical optimization of health

issues, treatment of active infections elsewhere, fluid resus-

citation, and rewarming, all essential in the patient with

trauma.

Preoperatively, it is essential that correct preoperative

prophylactic antibiotics be chosen for the surgery to be

performed.126 Essentially, all cases in which prostheses are

inserted, or open reduction and fixation of a fracture is performed,

will need a first-generation cephalosporin (2 g) or vancomycin

(1 g) for patients with penicillin allergiy. The antibiotic should

be completely infused prior to incision.136 Redosing should be

done if the surgery is greater than 3 to 4 hours of duration136 or for

blood loss >2 L. A total duration of <24 hours is recommended.137

Hair removal should not be done with a razor as this increases the

risk of infection.121 If needed, a surgical clipper offers the safest

method for hair removal.121

Operating Room Factors

It is generally felt that many surgical site infections are initiated

in the operating room. There are many possible factors to con-

sider. These will be divided into ‘‘operating room,’’ ‘‘surgical

Figure 8. Abraded skin at the site of a hip fracture.
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team,’’ ‘‘surgeons,’’ and ‘‘facility factors’’. Not all of the fac-

tors have evidence related to orthopedic surgery but have been

accepted as important in infection prevention. Some cannot

ethically be studied such as the use of rubber gloves or gowns.

Many infections in surgical sites come from the patient’s own

flora.121 Thus, preparation of skin is vitally important in preven-

tion.138 The skin should be initially cleansed of any gross con-

tamination with an antibacterial soap. The actual preparation

has been shown to be superior when chlorhexidene gluconate

(CHG) with alcohol is used compared with iodoform-based anti-

septics.139 Iodine with alcohol has also been shown to have very

low infection rates.137,140 Occlusive iodine-impregnated drapes

help to reduce surgical site infection141,142; however, this has not

been conclusively demonstrated in orthopedic surgery.143 Many

surgeons traditionally change scalpel blades after the skin inci-

sion. There is no evidence to show this has reduced infection

rates.144 The irrigation fluid used during the irrigation process

and the mode of delivery remain controversial topics. The low

pressure irrigation systems cause less muscle damage but are

somewhat less effective in removal of contamination.145 Despite

this, low pressure irrigation seems a best practice for infection

reduction in open fractures. Irrigation containing castile soap,

benzalkonium chloride, bacitracin and other antibiotics has been

studied. The detergents seem most effective in reducing contam-

ination but must be washed out with saline to reduce risks of

wound dehiscence.146,147 Operating room traffic has been shown

to increase infection rates in several studies148-150 and thus

should be minimized.

Hemostasis is important to reduce hematoma formation

which can predispose to infection.121,123 The use of drains has

not been shown to reduce surgical site infections after fracture

fixation or arthroplasty.151-153 The wound should be closed in a

manner that allows healing to proceed primarily.137 Bandages

should be occlusive for at least the first 48 hours to improve

healing and reduce infection.154,155 During the perioperative

period, the patient’s body temperature should be maintained

between 36�C and 37.5�C.156 Reductions in core temperature

of 1.9�C have been shown to triple the incidence of wound

infections with colon surgery.157

The surgical team concept is important in many ways to the

success of an operation. The team itself may also contribute to

the rate of infections experienced by the patient.126 Team

members should all wear appropriate impervious gowns and

protective gear. Minimized talking and movement helps to

reduce infection.158 The team members should all be compe-

tent at their roles126 and can communicate well together to

improve safety.159 To minimize the infection risk, all mem-

bers of the team should cleanse their hands/forearms with

CHG solutions for at least 2 minutes.137 Gloves used should

be inspected for damage regularly and should be powder

free.140 Double gloves are recommended for orthopedic sur-

geons. Changing the outer gloves at least hourly is advised for

surgeons. The team should observe each other and external

personnel such as observers for breaks in the sterile field.158

The team should minimize their own traffic and not take

breaks during surgery if possible.158

The surgeons contribute to the infection prevention effort in

many ways. The surgeon should foster a culture of safety in the

team and promote it. The surgeon’s level of experience and

skill contribute to duration of surgery, particularly for the rou-

tine or frequently performed procedures. Duration of surgery

contributes to development of surgical site infections—shorter

is better.122,160,161 Clean scrub attire and head covers should be

worn at all times in surgery.158

The Facility itself may contribute to reduced infections.

Ultraclean air is recommended for operating rooms with fre-

quent (15/hour) air exchanges.121,137 Laminar airflow is con-

troversial in efficacy. The environmental surfaces in the

operating room should be kept clean after each surgery.121

Instruments should be sterilized in the sterile processing area

for a full cycle of sterilization.121,158 Flash sterilization should

be avoided and is not as good as full sterilization.121,158 The

facility should supply an adequate number of clean scrub

clothes for the surgical team to wear and change as required.158

Construction in the operating room area is a particular risk for

contamination of the room environment and introducing

unwanted contamination or leaking fluids. Appropriate mea-

sures must be taken to avoid this contamination.158 During war-

mer season, insects may enter the operating room area and

appropriate efforts to eliminate them must be undertaken.

Postoperative Period

The postoperative period is important as well. Wound care

should include an occlusive dressing that remains in place for

at least 24 to 48 hours or longer. Prophylactic antibiotics should

be used for less than 24 hours.126 All personnel who have con-

tact with a surgical wound should be gloved, preferably with

sterile gloves.121 There is evidence that the physicians should

wash their hands before and after examining wounds. Dressing

changes with antibiotic ointments lessen surgical site infec-

tions.137 Other issues include avoiding allogeneic blood trans-

fusions which is controversial but transfusion seems to increase

the likelihood of infection.123 Finally, postoperative glucose

control helps the patients lessen their risk of infection.125 This

is most effectively done with a standard glucose control proto-

col. Anticoagulation should be carefully dosed and monitored

to avoid hematoma formation. It is important to avoid post-

operative falls in the hospital that can cause wound dehiscence.

The distance between patient beds and hospital occupancy

seems to contribute to infection in some studies.162,163

Postdischarge management should also include careful man-

agement of anticoagulation. The wound itself presents a con-

troversial issue. There is not adequate evidence of best

practices for bandaging. Monitoring for signs of infection

should include observation by the patient and family members.

Sutures or staples should not be removed until the incision has

healed fully to prevent dehiscence.

Staff education is an important element of any prevention

program—ideally covering many of the issues listed earlier.

Finally, patient and family education is essential to allow the
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patient to partner with the surgeon to achieve the best

outcomes.

� Deep wound infection involving the implant is uncommon

but devastating in its impact: Approximately half of such

patients die and few survivors regain mobility.12

� The entire team must recognize the importance of infection

prevention throughout the hospitalization of the patient

with fragility fracture.

� Infection prevention includes maximizing host factors as

well as meticulous intraoperative and postoperative care.

Fluid and Blood Management

Stephen L. Kates, MD

In the postoperative period, careful fluid management is essen-

tial for a good outcome. It may prove difficult to determine

whether the patient is normovolemic, dehydrated, or fluid over-

loaded. Maintaining the patient’s urine output without diuretics

at a rate of 30 to 35 mL/h or 250 mL/8 hours is usually an

acceptable indication of normovolemia. The experienced med-

ical consultant following the patient regularly is usually in the

best position to provide advice on this issue. It is generally best

to use an isotonic saline solution to assure volume adequacy

while monitoring serum electrolyte laboratory values for hypo-

kalemia, hyponatremia, or bicarbonate changes. It has been

shown that properly hydrated patients have better survival

rates.164 Those patients admitted with an elevated serum blood

urea nitrogen have been shown to be at increased risk of mor-

tality and require extra attention to fluid management.165

Increasing evidence suggests that allogeneic blood transfu-

sions may be harmful to patients and may contribute to infec-

tions.166 Increasingly, many clinical practice guidelines are

recommending restrictive policies should be used regarding red

blood cell transfusions. There is good evidence as to the appro-

priate hemoglobin level �8 g/dL is appropriate for the elderly

patient with cardiac comorbidities after hip fracture based on

the NIH sponsored ‘‘FOCUS’’ trial ‘‘Safety and Effectiveness

of Two Blood Transfusion Strategies in Surgical Patients With

Cardiovascular Disease.’’42 Another study has shown that there

was no reduction in incidence or severity of delirium in individ-

uals after hip fracture surgery when hemoglobin levels were

less than 10 g/dL.167

� Hydrate patients to achieve urine output of 30 to 35 mL/h

using isotonic saline

� Based on current best evidence, the red cell transfusion

threshold should be hemoglobin <8 g/dL.42

Pressure Sore Prevention

Stephen L. Kates, MD, and Amy Kates, MS, RN-BC

Pressure sores have a very negative impact on the recovery of

the elderly patient with a fracture. They are often painful and

interfere markedly with the patient’s rehabilitation efforts.

Pressure sores take months to heal and often become infected,

which may result in wound infection, readmission to hospital,

additional surgery, or death. Regions to be checked include the

buttocks, hips, heels, and elbows at least daily for the develop-

ment of redness or blister, which indicate a beginning pressure

sore. The most commonly used prediction tools are the Norton

and Braden scales. The Braden scale assesses risk level based

on a point system for sensory perception, moisture level, activity

level, mobility, nutrition, friction, and shear using scores from

one to three or four.168 The maximum total score is 23; a score

of 18 or less indicates high risk. The Norton scale uses a 1 to 4

scoring system and rating patients in each of 5 subscales,

namely, physical condition, mental condition, activity, mobility,

and incontinence. A score of less than 14 indicates a high risk of

pressure ulcer development. The Norton scale generally identi-

fies more patients at high risk than the Braden scale.169 A recent

study has shown that handgrip strength accurately predicts

development of a pressure sore in the hospital and at 30 days.170

A pressure sore can be staged171,172 by determining whether

it has partial or full thickness skin loss or by grading it on a 1 to

4 Braden scale: stage 1, non-blanching erythema of the skin;

stage 2, partial-thickness skin loss, such as a blister or shallow

ulcer; stage 3, a deep ulcer not penetrating the fascia and with

no undermining; and stage 4, extensive soft-tissue loss with

exposure of tendon, muscle, or bone and undermining of the

skin.

Treatment of the pressure sore is based on stage and

involves relief of pressure and shearing stresses on the skin,

debridement of any necrotic tissues, and dressing changes.

Rarely, surgical coverage with a muscle flap is required.

Avoiding the pressure sore is the best approach.27 Early sur-

gery has been shown to reduce the risk of pressure ulcer.173,174

Frequent repositioning of bedbound patients with hip fracture

was not shown in a recent study to reduce the risk of develop-

ment of pressure ulcer.175 Early mobilization following surgery

seems to be a useful approach to avoidance of pressure ulcer.

Pressure-reducing mattresses and surfaces have not been shown

to reduce development of pressure ulcers in a recent study.176

Avoidance of pressure sources such as avoidance of compres-

sion stockings in bed or braces is also a useful technique. Avoid-

ing or minimizing delirium (see earlier discussion) will reduce

the likelihood of developing a pressure sore.171 Nutritional status

seems to have an important role in development of pressure sore

and should be attended to during the hospital stay.

� All patients with a hip fracture should be assessed and cared

for with a view to minimizing development of a pressure

ulcer.27

Thromboprophylaxis

Stephen L. Kates, MD

The development of a perioperative thrombosis is a common

event in the elderly patient with a fracture. One study has
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shown a higher risk of developing VTE in patients with inter-

trochanteric and subtrochanteric fractures when compared with

femoral neck fractures.177

It has become a standard of care in most hospitals in the United

States to use a prophylactic strategy for hospitalized patients with

a lower extremity fracture.27,43,178 However, currently there is no

one accepted standard of prophylaxis and controversy exists. For

example, mechanical means include sequential pneumatic com-

pression devices and foot pumps placed on the legs; these devices

are somewhat effective in the reduction in thrombosis.179,180

Compression stockings are of limited benefit and must be care-

fully applied and removed to prevent skin injury. To avoid the

development of a pressure sore, such stockings should not be left

on the elderly patient with a fracture while in bed. Mechanical

devices may also serve to tether the patient to the bed and thus

increase the risk of falls and delirium. Early surgery and early

mobilization have been shown to reduce the likelihood of throm-

bosis and should be instituted whenever possible.43

Pharmacologic Prophylaxis

Pharmacologic means commonly used to prevent VTE include

unfractionated heparin, low-molecular weight heparin, war-

farin, and factor XA inhibitors.

Heparin and low-molecular weight heparins. Heparins signifi-

cantly reduce the risk of venous thrombosis and embolism, but

they also increase the incidence of bleeding into the wound and

at other sites. Considerations for use of the low-molecular

weight heparins include its high cost and the need to inject the

medication subcutaneously. Weekly platelet counts are

required to check for the development of heparin-induced

thrombocytopenia. Low-molecular weight heparins such as

dalteparin and enoxaparin have been shown to be very effective

as prophylaxis of VTE after hip fractures.43 Unfractionated

heparin is typically used as a twice daily subcutaneous injec-

tion and is inexpensive. It is also effective as a prophylactic

agent, particularly in the inpatient setting where the twice daily

administration is less problematic. It also carries the risk of

heparin-induced thrombocytopenia.

Warfarin. Warfarin inhibits the production of vitamin-K-

dependent coagulation factors in the liver. It has a long half-

life, and dosing is often troublesome in the elderly patients.

Effects of the dose are not seen until 48 hours after the dose

is taken orally. Although warfarin is inexpensive and easy for

the patient to take, it requires frequent, often inconvenient, and

in the aggregate expensive laboratory testing (INR) to monitor

and adjust dosage. It may cause bleeding complications, partic-

ularly if the INR values are greater than 3. The effects of war-

farin are reversible with the administration of vitamin K orally

or parenterally.

Factor XA inhibitors. This newer class of medications inhibits

activated factor X and thereby anticoagulates the patient. Fon-

daparinux sodium is very effective for thromboprophylaxis, but

it also can result in bleeding complications.181 It is currently

available in a subcutaneous form and is costly. Fondaparinux

is recommended as the best primary choice for VTE prophy-

laxis by the National Institute for Health and Clinical Excel-

lence in the United Kingdom.182 A recent manuscript has

demonstrated efficacy of rivaroxaban, an orally administered

factor Xa inhibitor to be efficacious in management of lower

extremity fractures. It is not approved for this use in the United

States at this time for VTE prophylaxis in patients with hip or

lower extremity fracture.183 Factor Xa inhibitors are not rever-

sible with medication.

Aspirin. The American Academy of Orthopaedic Surgeons

(AAOS) and American College of Chest Physicians have both

produced evidence-based guidelines on VTE prophylaxis in

patients with major joint replacement and hip fracture. They

are in concordance on the use of aspirin. Aspirin is not an

appropriate sole option for prevention of VTE after hip frac-

ture184 but can be considered as an option if part of a multimo-

dal approach to prevention including other means such as

mechanical compression devices.185 Aspirin has not been

found to have a lesser risk of bleeding complications when

compared with other pharmacologic options.185

Summary

Pharmacologic prophylaxis for VTE should be undertaken

postoperatively for all patients with a hip fracture. Because the

available evidence is mostly based on consensus statements

from various organizations, the choice of therapy is the clini-

cian’s preference. Fondaparinux or low-molecular weight

heparin for 28 to 35 days after surgery seems to be the best

evidence-based recommendation at this time.43,186,187 Warfarin

is an alternative reasonable choice for therapy and is often used

in patients who were taking warfarin prior to fracture.

All patients with a major lower extremity fracture should

receive prophylactic anticoagulation for pharmacologic post-

operative prophylaxis—unless strongly contraindicated.27

Nutrition

Stephen L. Kates, MD, and Amy Kates, MS RN-BC

Nutrition is an essential part of care of the elderly patient with a

fracture.27 Proper nutrition allows for uneventful wound heal-

ing and, ultimately, better recovery. The patient who is unable

to eat postoperatively has a very poor prognosis. Malnutrition

is a part of the geriatric syndrome known as ‘‘frailty.’’188 Mal-

nutrition was found in 48% of patients with hip fracture in a

recent study.189 A serum albumin level less than 3 g/dL has

been associated with poor outcomes after hip fracture.190

Screening for malnutrition has been studied. Screening tools

while quick and easy do not perform as well as a complete

nutritional assessment in correctly diagnosing malnutrition.189

Routine nutritional assessment should be standard in manage-

ment of older patients with fragility fracture.189,191
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Generally, patients with fragility fracture should be fed

orally. Nasogastric feeding is uncomfortable, likely a precipi-

tant of delirium, is associated with aspiration pneumonia, and

should be avoided. Parenteral feeding should also be avoided

if at all possible, as it has a risk of sepsis, metabolic abnormal-

ities, and delirium.

The diet should consist of small portions with high-caloric

content. Foods should be easily chewable because many elderly

patients have impaired dentition. Nutritional supplementation

consisting of liquid oral supplements between or with meals

may be useful for decreasing complications, improving rehabi-

litation, reducing pressure sores, and improving muscle

strength. Some high-caloric drinks or shakes may not be well

tolerated by the elderly patients, and assistance from a dietician

is often very useful. A recent study of a multidisciplinary nutri-

tional approach to patients with hip fracture showed improved

nutritional intake and better outcomes for the patients.192

Another recent study showed the Mini Nutritional Assessment

to be predictive of gait status and mortality at 6 months after

hip fracture.193 Cost-effectiveness of nutritional interventions

has been studied as well and found to be effective at 3 months

when the result was weight gain.194 However, the authors noted

no improvement in quality-adjusted life-years.194

� Proper nutrition of the patient with a fragility fracture is an

essential element for a successful recovery.

Rehabilitation

Stephen L. Kates, MD, and Simon C. Mears, MD, PhD

The goal of rehabilitation after fracture is to restore the patient

to the preinjury activity status. This is a difficult goal to

achieve, as many patients lose functional status and indepen-

dence after hip fracture.

In most cases, rehabilitation should begin immediately after

surgery. The patient should be mobilized to stand and then walk

with a walker as soon as possible after surgery but always within

24 hours. The preinjury functional status is the therapeutic target

and should be the basis of planning of the rehabilitation program.

In the United States, patients are typically transitioned to an

acute rehabilitation center or a subacute nursing facility depend-

ing on their ability to perform 3 hours of rehabilitation per day.

In some limited cases, patients with very high functional status

may be discharged home with home services. Overall, long-

term differences in outcomes between these different approaches

have not been seen.195 The transition period is one of particular

vulnerability for the hip fracture patient.196 Meticulous attention

to detail in the discharge process is very important to decrease

complications and readmissions.

Weight bearing as tolerated should be recommended for

patients with hip fractures. In addition, most elderly patients

cannot comply with limited weight bearing restrictions. Appro-

priate pain control will allow the patient to participate effec-

tively in his or her rehabilitation. There is some evidence that

scheduled dosing of pain medicine may improve results of

rehabilitation.197 In many cases, however, delirium and

dementia interfere with rehabilitation. Delirium should be pre-

vented to allow rehabilitation to progress. Dementia frequently

gives care providers problems in the rehabilitation process and

slows rehabilitation.198,199 Rehabilitation programs have been

shown to be effective in the patient with dementia although the

best approach is currently unknown.200

The length and intensity of rehabilitation after hip fracture is a

topic of great importance. Studies have shown that long periods

of rehabilitation improve function.201,202 A recent randomized

trial examined an extended home program using a physical

therapist. Improved results were seen using this approach.203

The cost of long-term approaches is of huge importance in the

current heath care environment. Currently, there is no consensus

on the best method for the rehabilitation of the patient with a

fragility fracture, and this area requires additional study.204

� All patients with hip fractures should be weight bearing as

tolerated after surgery.

� The best type of rehabilitation program is unknown

although extended rehabilitation improves function over

time after hip fracture repair.

Models of Care in Current Use in the
United States

Stephen L. Kates, MD

There are several different models of care in current use in the

United States, and there is some evidence to suggest that improve-

ments in the system of care will improve patient outcomes and

costs of care.11,32,33,205 When considering how to care for a

patient with a fragility fracture, there are several models of care

to be considered, each of which represents a different system or

approach to the delivery of care. The common models in use

in the United States are traditional care, closed panel-health main-

tenance organization (HMO), and comanaged (Rochester model).

Traditional Care

In this model of care, the patient with a fragility fracture enters

through the ED and is evaluated. This evaluation is often

delayed because elderly patients tend to suffer quietly and are

perceived as low acuity problems to assess. The diagnosis may

be quite apparent to the nurse triaging the elderly patient, but

they are frequently placed in the hallway or back of the ED.

When a decision is being made to admit the patient to the hos-

pital, there is frequently a dispute that occurs between the med-

ical and the surgical physicians as to who should accept the

patient onto their hospital service. This type of ‘‘turf war’’ is

unfortunately common, and the patient becomes the victim in

such a case. Such a situation must be avoided.

Nonetheless, once admitted, the patient must be seen by a

surgeon and often by a medical physician for ‘‘clearance’’ for

surgery. Many medical physicians feel uncomfortable with this

role of giving ‘‘clearance’’ for surgery, and they request speci-

alty consultations and additional testing before surgery is

Mears and Kates 75



approved. The result is a delay in surgical intervention that can

be especially detrimental for an elderly patient.

When the patient has been cleared for surgery, the anesthe-

siologist becomes involved. An unclear clearance note or a per-

ceived lack of diagnostic testing may result in surgery being

delayed or canceled.

In most cases, postoperative care is dependent on the sur-

geon. The comorbid conditions may present substantial chal-

lenges medically in the postoperative period. Often, patients

are restricted to ‘‘nonweight bearing’’ status by the surgeon,

which interferes with their ability to participate in rehabilita-

tion and typically relegates the elderly patient to a bed-to-

chair activity status.

Discharge to a SNF is common, and the patient may or may

not recover from the injury. In most cases, there is no treatment

prescribed for osteoporosis upon discharge nor is there a refer-

ral made for treatment of the osteoporosis.

Closed Panel HMO

The patient is admitted to a designated facility for care or trans-

ferred there if originally admitted to a nonparticipating hospi-

tal. The patient is usually admitted to the hospitalist and

assessed medically. Surgery is typically mandated within 24

hours of admission. Postoperative care is provided primarily

by the hospitalist, with the orthopedic surgeon as the consul-

tant. At the 72-hour point, the stable patient is transferred to

inpatient rehabilitation, which is also operated by the HMO.

This procedure results in a very short length of stay and very

orderly care. Follow-up care is arranged by the closed-panel

HMO and may not be with the operating surgeon.

This model of care has resulted in a very successful rate of

post-fracture osteoporosis management. Kaiser Permanente’s

‘‘Healthy Bones Program’’ is one such system that has pub-

lished successful outcomes.206

Comanaged Care (A Care Model Used at the University
of Rochester and Other Institutions)

In this model of care, an emphasis is placed on the rapid admis-

sion of the patient through the ED or as a direct admission

to the floor from other facilities. A fast-track approach is under-

taken in the ED, with rapid admission after assessment of

medical stability. The patient is admitted by agreement to the

orthopedic surgery service. The patient is seen by the orthope-

dic surgeon, and then a consultation is obtained from the

geriatric medicine/hospitalist service. The emphasis of this

consultation is to ensure medical optimization for early sur-

gery. A detailed assessment of the comorbid conditions and

medications is also obtained. The patient is risk stratified for

the appropriate operative risk level. Additional consultations

and diagnostic testing are rarely obtained.

Early surgery, typically in less than 24 hours, is provided for

all optimized patients. The risk stratification and comprehen-

sive assessment is reassuring to the anesthesia physician, and

thus cancelation of surgery is a rare event.

Postoperatively, all patients are comanaged by medicine and

surgical services, and care is by standard protocol. Patients are

advised to bear weight as tolerated so they may participate effec-

tively in their rehabilitation. The stable patient is discharged on

the third hospital day. This model of care has been shown to

result in reduced length of stay, reduced complication rates, and

lower costs than that of usual care.11,32,33,207 Another group of

authors found that this model of care reduced hospital stay and

time to surgery at their center.208 One recent manuscript demon-

strated that most clinical outcome measures improved signifi-

cantly with implementation of this care model.209 One

unintended consequence was an increase in in-hospital mortality

during the implementation phase of the program.209 Yet another

program showed that implementation of such a program reduced

complications, reduced length of stay, and resulted in restoration

of prefracture place of residence.210 A recent systematic review

and meta-analysis of orthogeriatric care models concluded that

collaboration between orthopedic surgeons and geriatricians

could improve mortality after hip fracture.211 Routine scheduled

geriatric consultation was recommended for care of older

patients with fracture.211

Summary

The system or model of care used has a profound impact on the

quality of care and outcomes for the patient with a fragility

fracture. Standardizing care will provide better care to such

patients. Attention to details and avoidance of adverse events

should be important goals when instituting such a system. Phy-

sician leadership and collaborative interdisciplinary care are

fundamental concepts in such a system. Improvements in qual-

ity will directly result in improvement in costs of care. An orga-

nized and standardized system of care for the patient with a

fragility fracture will afford a better outcome for that patient

and be of benefit to the health care system.27

Costs of Care

Stephen L. Kates, MD

Health care costs in the United States have assumed a serious

front-page role in the public’s awareness. Costs have become

a hotly debated topic in political, economic, and business for-

ums. Several public groups have run educational events on

ways to reduce health care costs and improve health care eco-

nomics. Hip fracture is the third most costly diagnosis in Amer-

ican medicine.212 Despite this problem, there has been little

progress on reducing health care costs, although the pace of

growth seems to have slowed somewhat in 2013. Typically,

costs of care are inversely proportional to quality of care.213,214

Why is hip fracture care so costly? In 2007, average hospital

charges were *US$42 000 for hip fracture based on the Agency

for Healthcare Research and Quality (AHRQ)/Health Care Utili-

zation Project (HCUP) data.19 The few analyses that have been

performed on costs show that most of the expense is incurred

on the first few days after hip fracture.215,216 However, it should

be noted that costs continue to accrue during the postacute care
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phase of recovery after hip fracture. High charges are incurred

from skilled nursing facilities, home care services as well as lesser

charges for durable medical equipment, prescription drug

charges, and physician charges. Adding to this problem is that

14.5% of patients with hip fracture are readmitted to a hospital

facility within 30 days of discharge.217 The readmission

charges are frequently similar to the costs of initial hospitaliza-

tion (Kates et al., submitted for publication, GOS).

It is clear that our present system of care for the patients with

hip fracture (and fragility fractures in general) is expensive and

is not providing acceptable value of care (high mortality, large

number of readmissions, and frequent poor outcomes). It is

unlikely that specific surgical improvements will have any

effect on improving the situation. Additionally, simply chang-

ing the payment model will be unlikely to have significant

impact on improving the value of care. A complete retooling

of the present system of care for fragility fractures is needed

to achieve double-digit impact on outcomes and costs.215,216

Lean business methods have been proposed as a method

for improving health care in general.218,219 A recent publica-

tion details this process for geriatric fracture program

development.213 Even with lean business methods, some of the

fundamental problems of coordination of care, misaligned

incentives, and lack of an integrated system of care will all

have adverse impacts on costs of care. The misaligned incen-

tives in particular work against significant cost improvements.

Each provider in the present system is incentivized to maxi-

mize profitability rather than reduce costs of care. This will,

no doubt, be a subject of great debate and intense effort over

the ensuing decade.

Some methods to improve costs of care for fragility frac-

tures include utilization of the lean business model when

designing the system of care.213 Additionally, integrating the

system of acute care with the system of postacute rehabilita-

tion care and outpatient care as a ‘‘bundle of care’’ may offer

the appropriate incentives to reduce costs and improve qual-

ity. Some methods of inpatient cost reduction are already well

described.213,215,216 A comprehensive geriatric fracture pro-

gram system requires somewhere between 70 and 100 patients

per year to be cost effective to the hospital in the present pay-

ment model.214,220 Table 1 describes some suggestions for cost

improvement.

Table 1. Methods to Reduce Costs of Care for Fragility Fracture Patients.

Area for attention Method Expected outcome

Time to surgery System changes—prioritize geriatric fracture cases,
operating room should be available for these cases

Reduced length of stay and costs, improved
outcomes, improved patient satisfaction

Iatrogenic errors with fragility
fracture cases

Implement standardized order sets Reduced length of stay, reduced readmissions,
reduced costs, reduced errors

Implant costs Negotiated lower costs with vendor, use single
vendor

Reduced errors in operating room, reduced
storage for implants, reduced costs

Prescription drugs Use standard drug regimens in standard order sets,
design protocols with help of pharmacists

Reduced errors in prescribing; drastically reduced
costs

Delirium Improved pain management by protocol, allow
patient to keep glasses and hearing aids, avoid
tethers

Reduced length of stay, improve participation and
rehabilitation, reduced pressure sores,
improved satisfaction, reduced costs

Standardized medical
consultation

Use of a standardized consultation form Reduced time to surgery, reduced likelihood of
cancelation of surgery, reduced length of stay,
and reduced medical errors

Medical complications during
hospital stay

Medical comanagement by design on a daily basis. A
designated team of consultants seems to work best

Improved recognition of problems, reduction in
complications, and improvement in satisfaction

Osteoporosis management Standard protocols for diagnostic testing and
treatment postfracture, implement a fracture
liaison service

Reduced refracture rate and improved patient
outcomes. Will save money for a system in the
long run

Pressure sore avoidance Improved nutrition and reduce time to surgery Reduced readmission and patient safety issues
Eliminate unnecessary testing –

(advanced imaging and
echocardiography)

Standard order sets and protocols Reduced costs, reduced length of stay, improved
patient safety by eliminating unnecessary testing

Errors in surgical decision-making Standardized surgical protocol—surgical poster as a
‘‘Point of service tool’’

Use evidence-based best practices to fix fragility
fracture correctly

Medication errors Medication reconciliation done by medical
consultant—many drugs can be stopped

Reduced medication costs, drug–drug
interactions and errors

Discharge problems Standard social work consultation on admission with
discharge planning beginning on admission

Reduced length of stay and improved patient and
family satisfaction; reduced length of stay

Readmission within 30 days Correct any new problem that occurs during
hospitalization prior to discharge, short time to
surgery, proper bowel regimen, better handoff to
receiving facility

Fewer readmissions reduced mortality rate

Blood transfusions Implement evidence-based guidelines—transfusion
threshold Hb < 8

Reduced costs, reduced infections
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Cost of Care

� Average costs per hospital episode are US$42 000.

� Current system leads to maximized charges.

� Bundled care may provide better incentives to improve care

and decrease costs.

� Standardization and lean management principles offer

opportunities to decrease cost in hip fracture care.

Data Collection, Quality Assurance, and
Research

Steven Olson, MD

The goal of this text is to enable the clinician to use the best

available evidence to guide clinical care of the geriatric patient

with low-energy fractures. Reaching this goal is dependent

upon the availability of robust outcome data in this patient pop-

ulation. The area of outcomes assessment has also grown rap-

idly in the past decade. Increasingly, research into outcomes is

segregating into 2 major areas, namely, clinical outcomes and

quality improvement.221,222 The area of outcomes research in

clinical medicine assesses the ability of treatment interventions

to improve the health of patients diagnosed with specific clin-

ical pathology. Most clinicians are familiar with this type of

research. Research into clinical outcomes seeks to understand

what diagnostic or treatment modality leads to improvement

in patients outcomes,222 whereas quality improvement research

examines the processes and defect rates in the delivery of

health care. This type of research has been traditionally the

focus of hospital administrators and is relatively new to many

clinicians. Research in quality improvement seeks to understand

how well treatment is delivered to the patient.221,223 Newer con-

cepts such as cost-effectiveness and value span both of these

lines of research. Value is defined simply as the benefit/cost of

a treatment.224 The benefit is often a clinical outcome measure.

Whereas the denominator requires critical evaluation of the

resources we use to deliver health care through techniques like

cost-effectiveness analysis. Robert Kaplan and Michael Porter

of Harvard Business School have highlighted the need for

improvement in measuring costs before when can expect to

effectively control them225.

The role of data in research

Clinical data may also be gathered to gain new, generalizable

knowledge for research. Data gathered for purposes of answer-

ing a research question will need to be carefully collected and

should be of the highest quality. Obtaining research data

requires expertise in data collection and database management,

which are often best done by a dedicated data manager or

research associate. An operational definition for each data

point is central to maintaining reliability of data. Because data-

base integrity is of the utmost importance, integrity and validity

checks need to be performed routinely.

There are many important areas of fragility fracture care that

need active ongoing research. Some aspects of clinical practice

are studied because of a short-term outcome. An example a

short-term outcome is pain control in the perioperative period

for patients with hip fracture. Strong clinical evidence indicates

that regional analgesia techniques improve preoperative pain

control.226,227 The use of regional techniques adds an addi-

tional expense in the initial care of the patient. Research into

the effect of regional analgesia techniques in overall opioid

medication use, incidence of delirium, or length of stay is

needed. An improvement in any of these parameters would pro-

vide a means to add the resources required to provide this treat-

ment in the initial care as well as identifying which patients

benefit from these techniques. Additional needed research can

be identified throughout the continuum of care delivery for

patients with fragility fractures.

Research examining the geriatric patients with hip fracture

will require a range of different clinical outcome parameters.

These will include basic information such as patient demo-

graphics (age, gender, pre-injury living situation, etc) and frac-

ture outcomes (union rates, time to union, hip range of motion,

etc). Outcomes scores are sorted into the types of outcomes that

are measured.222 Joint specific measures, such as the Harris Hip

Score, will measure joint function parameters. Condition-

specific outcome measures may include the Musculoskeletal

Function Assessment (MFA) or Short Musculoskeletal Func-

tion Assessment (SMFA) or Western Ontario McMaster

osteoarthritis index (WOMAC) and will measure musculoske-

letal function. Quality-of-life measures will assess the overall

function of a patient using a SF-36, or EuroQol as a measures.

Some of these measures such as the EuroQol allow the inves-

tigator to calculate a quality of life-year measure that is useful

for cost-effectiveness analysis.222 Often all 3 of these types of

outcomes may be measured. In addition, in the geriatric popu-

lation with hip fracture, a measure of mental status function

may be necessary to validate these other measures.222

The Role of Data in the Development of a Fragility
Fracture Program

Fragility fracture programs typically have 2 distinct compo-

nents;, a clinical pathway for management of acute orthopedic

injuries and related medical comorbidities and a clinical

pathway to ensure that osteoporosis treatment is started and

appropriate follow-up treatment is arranged after discharge.

These programs typically involve at least 3 or more medical

specialties, namely, Orthopaedic Surgery, Hospital Medicine,

Anesthesiology, Geriatrics, Endocrinology, or Emergency

Medicine.

Performance and outcome data are critical in gaining and

subsequently maintaining administrative support for special

orthopedic care programs. It is helpful for the clinician to have

an understanding of how hospital administrators perceive value

created by an efficient orthopedic surgery practice.228 When

starting a program, it is important to establish a working part-

nership with the hospital or health system. Hospitals in the
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United States that receive funds from Centers for Medicare &

Medicaid Services (CMS) actively track a number of data

points for reporting to a variety of organizations.229 These typi-

cally include assessment of in-hospital mortality, length of

stay, reoperation rate, and readmission rate. Other important

data points to consider include time to operation, percentage

of patients discharged on osteoporosis treatment, and so on.

This information should be compared with available bench-

marks from national, international, or other regional medical

centers providing care to such patients. Organizations such as

University Hospital Consortium or American Association of

Medical Colleges provide bench mark data for a variety of

medical conditions.

The comparison of the health center’s current practice to

benchmark data or peer-reviewed published best practices can

highlight opportunities for improvement. Data collection should

address the areas of opportunity along with major national bench

mark data points. Assessment of the yearly volume of admis-

sions, types of procedures, costs, and reimbursement allows for

financial planning and sets the stage for developing a realistic

business plan. Documentation of changes over time provides

evidence of program efficacy and sustainability. Data are also

important for compliance and billing purposes.

The Role of Data in Quality Assurance

Medical quality of care can be improved by evaluation of indi-

vidual cases, individual incidents, and trends. Regular morbid-

ity and mortality review is important to identify clinical issues

and to reinforce best practices. Review of the cost of care by

treating surgeon or medical provider can help identify differ-

ences in practices, implant use as well as complications. Pro-

gram managers can use an individual provider’s clinical

outcome data to respond to incidents or to help educate and

guide a provider whose performance falls below expectation;

data can also be used to recognize and acknowledge individuals

whose performance exceeds expectation. Most surgeons are

very competitive by nature—making appropriate comparison

data available within a physician group can drive change in

an individual physicians practice.

Study of care delivery data allows the physician and hospital

leaders to identify opportunities for improvement in the day-to-

day delivery of care. Data collected on process measures (such

as time spent in the ED, pain assessment and management,

completion of falls prevention education, time to start of phys-

ical therapy, intensity of medical comanagement, and time to

indwelling urinary catheter removal) can be tracked and com-

pared with benchmarks. Data provide the foundation for pro-

cess improvement.

Potential Performance Measures

The Institute of Medicine (IOM) published its landmark

document ‘‘To Err Is Human: Building A Safer Health Sys-

tem’’ in 2000.230 This work addressed the issue of medical

errors. The IOM defined medical errors as the failure of a

planned action to be completed as intended or the use of

a wrong plan to achieve an aim. The IOM outlined 4 goals.

Goals 2 and 3 require the development and use of perfor-

mance measures.

In the United States, The National Quality Forum (NQF)

was developed to provide a forum to develop and implement

quality measurement, data collection, and reporting standards

throughout the health care community.231 Key among the aims

of this group are establishing measurement priorities focused

on national aims for quality improvement and endorsing qual-

ity measures and standardized methods for measurement and

reporting. This group has membership that spans the public and

private sector to include patients, providers, nursing and allied

health, employers, insurers, and industrial producers and sup-

pliers in health care.

The NQF promotes quality in medicine by evaluating and

endorsing standardized performance measurements. The

AHRQ and CMS have recognized the NQF as a legitimate

means of vetting heath care priorities and developing validated

measures of health care delivery. In effect the NQF has posi-

tioned itself to provide a ‘‘stamp of approval’’ for quality mea-

sures developed by health providers and hospital systems

across the United States. Endorsements are re-evaluated every

3 years.231 There is a complex 9-step Consensus Development

Process used for endorsing each quality initiative. Four primary

criteria are utilized in the endorsement process:

� Does a quality measure report high-impact priority issues

with strong evidence that improvement will provide a dis-

tinct benefit to patients?

� Is a quality measure scientifically acceptable—will mea-

surements be reliable and valid?

� Is a quality measure useable and relevant, able to be inter-

preted by all involved parties?

� Is a quality measure feasible, able to be tracked using avail-

able resources?

The AHRQ maintains a clearing house of recognized per-

formance measures for a variety of medical conditions from

the US and international community. As of January 2014

this site listed 25 performance measures for patients with

hip fractures created in the United States, Canada, the

United Kingdom, and Australia.232 These measures cover

areas including mortality, osteoporosis treatment, VTE pro-

phylaxis, readmission rates, and secondary fracture rates.

Through the use of registries and other large data sets, we

can identify other aspects of care that will be the basis of

additional performance measures.

National Databases or Registries

The AHRQ gives several reasons to consider establishing a

registry.233 Registries are particularly suitable for situations

where experimental research is not feasible or practical,

such as:
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� natural history studies where the goal is to observe clinical

practice and patient experience but not to introduce any

intervention;

� measures of clinical effectiveness, especially as related to

compliance, where the purpose is to learn about how that

affects outcomes, if at all, rather than to observe the effects

of products used according to a study protocol;

� studies of heterogeneous patient populations, since unlike

randomized trials, registries generally have much broader

inclusion criteria and fewer exclusion criteria. These char-

acteristics lead to studies with greater generalizability

(external validity); and

� follow-up for delayed or long-term benefits or harm, since

registries can extend over much longer periods than most

clinical trials (because of their generally lower costs to run

and lesser burden on participants).

Several countries have developed national databases con-

cerning fragility fractures, but such an entity is not available

in the United States at this time. One robust source of informa-

tion is The United Kingdom’s Web-based National Hip Frac-

ture Database.234 This is a collaborative project led by the

British Orthopaedic Association and the British Geriatrics

Society. The core data set includes elements of case mix, pro-

cess, and outcomes. They collect data points that address mat-

ters of 6 key areas of review for every patient including234:

� to orthopedic ward in 4 hours;

� surgery in 48 hours;

� development of pressure ulcers;

� preoperative medical assessment;

� bone health assessment and treatment at discharge; and

� specialist falls assessment

Additional data points that are collected address these items.

� age, gender, postal code;

� source of admission;

� walking ability;

� site and type of fracture;

� ASA grade;

� date and time of surgery;

� type of operation;

� reoperation at 30 days;

� bone protection medication;

� date and time of discharge from acute ward;

� date and time of final discharge from trust; and

� residential status; walking ability and bone protection ther-

apy at 30 days, 120 days, and 1 year

The hospitals in the United Kingdom are compelled to par-

ticipate in the national registry. The availability of this large,

national database will enable important clinical questions, such

as surgical timing, anesthetic choices, implant issues, and post-

fracture osteoporosis care to be answered in the future.

In the United States, registries have been successfully con-

structed on a more limited basis. For example, the Kaiser

Permanente Healthy Bones Program has permitted high-quality

fracture follow-up care of osteoporosis by use of a computer reg-

istry. The availability of this registry has permitted clinicians to

improve patient safety, quality of care, and cost-effective-

ness.206,235 Research using this registry has focused on early sec-

ondary prevention and has reduced the incidence of subsequent

fractures in the Kaiser Health system.236 The establishment of a

national hip fracture database in the United States would be desir-

able to improve the quality of care for our aging population and to

provide the data to allow physicians to be engaged in management

of active delivery of care. It is increasingly clear that outcomes

data should be used to drive decision making for fragility fracture

care at the hospital level and national level.

In summary, outcomes information is critical to the success

of fragility fracture programs. Tracking of data allows for qual-

ity assurance both locally and nationally through the use of

registries. By following outcomes data, fracture programs can

prove their value to hospital systems and society.

Outcomes measures to follow in a hip fracture program

include:

� short-term outcomes;

� long-term outcomes;

� joint function; and

� musculoskeletal function or quality of life.

Role of the Mid-Level Practitioner in the
Geriatric Fracture Center

Carie E. Bradt, PA-C

Mid-level practitioners include physician assistants and nurse

practitioners. A physician assistant can provide a broad range

of health care services under the supervision of a physician.

Nurse practitioners may or may not work under the supervision

of a physician. The exact definition of these delegations is state

dependent. The work of the mid-level practitioner can reduce the

clinical and nonclinical tasks for the physician. The decrease in

resident work hours has led to many of the duties of the orthope-

dic resident staff now being performed by the mid-level practi-

tioner in most academic centers. Community hospitals often

employ mid-level practitioners to perform the daily inpatient

medical care of patients. Duties include obtaining complete

medical history and physical examination, ordering and inter-

preting laboratory test and X-rays, prescribing medications,

daily rounds, admitting and discharging patients, and coordina-

tion of other medical consult services. These responsibilities

allow the mid-level practitioner to serve as an integral part of the

geriatric fracture care team and to function as a central contact

point of care for the geriatric fracture patient.

The mission of the geriatric fracture center mid-level practi-

tioner is to facilitate geriatric fracture patient care. The consis-

tency provided by the mid-level practitioner to navigate the

geriatric patient with fracture through the complex medical sys-

tem can improve the quality of patient care, increase patient

and family satisfaction, decrease adverse events, and reduce
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length of stay and costs.237,238 The patient enters the geriatric frac-

ture care system either through the ED or as a direct admission

from another facility.214 The mid-level practitioner performs the

orthopedic evaluation of the patient with a complete history and

physical examination.214 Admitting laboratory tests, radiographs,

and notification of consult services are expedited. Essential infor-

mation such as identifying family members, health care proxy,

current complete medication lists, pharmacy information, and

medical history from either their current care facility or their pri-

mary care physician can be obtained without delaying the admis-

sion process. The initial admission process is a time-consuming

process in medically complex patients and is expedited by the

physician assistant. The mid-level practitioner can serve as a navi-

gator for the patient and the patient’s family.213 A navigator is

able to educate the patient and family members and provide rea-

sonable expectations and reassurance during the fracture care pro-

cess. In some institutions, the mid-level practitioner can obtain

surgical consent from the patient or family member.

The mid-level practitioner is ideally positioned to serve as

the central contact person for coordination of care during the

hospital stay of the patient with fracture. Geriatricians, orthope-

dic surgeons, the patient, and their families can rely on the phy-

sician assistant to carry out orders and adequately prepare the

patient with fracture for surgery.

After surgery, the mid-level practitioner can play a key role

in postoperative management and daily rounding. Upon return

to the floor, intraoperative and postoperative concerns of the

orthopedic surgeon or anesthesia team can be communicated

to the physician assistant for follow-up. The mid-level practi-

tioner can be readily available on the floor for more frequent

rounding on the patient with fracture if medically necessary

as well as monitor and react to laboratory results, medication

changes, fluid management, and pain management. The mid-

level practitioner can alert the surgeon or medical team if a

complication should arise. The mid-level practitioner can pro-

vide sign-out to the overnight coverage team as needed.

The geriatric patient with fracture requires care coordination.

Specialized nursing staff should understand the increased needs

of the geriatric patient.213 Nurses directly communicate with the

physician assistant about issues such as delirium or pain manage-

ment. Older patient with fracture have increased difficulty

executing activities of daily living. The mid-level practitioner

can help to assure that there is sufficient support for these needs.

Decreased length of stay can directly influence postopera-

tive outcomes such as postoperative delirium and hospital-

acquired infection.237 It is important to return the geriatric

patient with fracture to their preoperative environment as

quickly and safely as possible. To accomplish this, it takes con-

stant management and coordination of care from physical ther-

apy, occupational therapy, social work, nursing staff, patient’s

family and caregivers, and the medical team that will be caring

for the patient after discharge from the hospital.238 Most of the

geriatric patient with fracture will be discharged to a SNF or less

frequently to home. Either discharge plan requires much com-

munication regarding the patient’s capabilities and restrictions,

and these are best assessed and determined by physical therapists

and occupational therapists. The mid-level practitioner commu-

nicates with the social worker to increase the awareness of those

limitations as determined by physical therapy and occupational

therapy as well as family concerns. The mid-level practitioner

can provide necessary preparation for discharge of the geriatric

patient with fracture. Aftercare appointments with medical

providers, consultants, the orthopedic surgeon, and osteoporosis

clinic should all be coordinated prior to patient discharge. The

mid-level practitioner can provide a comprehensive discharge

summary for the nursing facility or home care agency that will

assume patient care beyond the hospital.239

Beyond direct patient care and coordination of care, the

mid-level practitioner can participate in monitoring and asses-

sing program performance data. A quality management dash-

board serves as an integral method to improve patient care

and outcomes. Constant involvement in the direct operations

of a geriatric fracture center places the physician assistant in

a valuable position to evaluate these measures, develop, and

implement performance improvement initiatives. The mid-

level practitioner can help to implement new strategies and

work to consistently improve current initiatives.

� The mid-level practitioner is uniquely qualified to be the

hub of complex wheel that is the geriatric fracture center

program.

� Having a consistent medical provider that can bring all parts

of this complex process together as well as provide direct

patient care can prove to be invaluable in both tangible and

nontangible aspects of today’s medical environment.

� A well-coordinated, interactive program driven by a capa-

ble mid-level practitioner can increase patient and family

satisfaction, promote high-quality outcomes, decrease

length of stay, decrease complication rates, and ultimately

provide high-quality, low-cost care that is uniquely tailored

to a complex, ever-growing patient population.237,238

Role of Nurses, Social Workers, Medical
Assistants, and Therapists

Jill Bass, MSPT, MBA, Anna Olson, MOT, OTR, MBA, CLT,
Nancy Temple, RN, MSN, CCM, CCDS, and Carol
Crowell, RN, MSN, NEA-BC

Care of the patient with a fragility fracture is best accomplished

collaboratively, utilizing an interdisciplinary approach. Trust is

established with the understanding that every discipline puts the

patient as its center of focus. With open, honest, and respectful

communication, trust grows and the patient benefits. Each disci-

pline is not an entity unto itself but part of the whole care conti-

nuum for the patient. Many modes of communication exist

between disciplines. Use of the electronic health record allows

just-in-time documentation and gives the clinicians access to

necessary information at any point during the patient’s stay.

While much focus is placed on the physician portion of care,

in fact most of the work is done by medical professionals
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including nursing, care coordination specialists and therapists.

The intent of this chapter is to make clear the role of these pro-

fessionals and how incorporation of a team thinking approach

can benefit the care of fragility fracture patients.

Nursing

Facilitation of communication. Communication, nurse to nurse,

nurse to physician, and nurse to family are essential areas to the care

of the elderly patient. Some specific tips or best practices will

improve communication. The primary nurse for a patient should

routinely round with the physician to hear information given to the

patient andfamily. Thishelpsbuilda rapportbetween the physicians

and the nurses and allows for any clarification in the plan of care or

discussions on changes in protocol that need to occur between the

patient, nurse, and/or physician. Orthopedic mid-level practitioners

provide another resource for the nursing staff especially throughout

the working day. At change of shift, nurses should do a bedside

report between the on-coming and off-going shifts. This report

includes the patient and, with the patient’s permission, may include

the patient’s primary support person and/or family members. The

family is an important part of the care team. Questions or concerns

from the patient or family, especially regarding discharge plans, can

be addressed at that time. Using these techniques provides guaran-

teed times throughout the day to make sure the patient, family

nurses, and doctors are all on the same page. This is critical for

patients with fragility fracture who may have delirium or dementia.

Another technique to enhance communication is the use

of ‘‘rapid rounds.’’ Rapid rounds are conducted daily on the

orthopedic unit, driven by the bedside nurse and attended by

the charge nurse, social worker, care coordinator and therapist.

The objective of rapid rounding is to ‘‘plan for the day, plan

for the stay.’’240 In other words, it establishes what needs to

be accomplished today to move the patient closer to discharge

goals. The bedside nurse provides a brief (less than 1 minute)

description of the patient’s current level of functioning, family

support, and goals, plus any barriers to the discharge plan.

Other forums are essential to improve quality of care between

disciplines. An Orthopaedic Quality Team consists of all disci-

plines, including physicians and service lines that touch the

orthopedic patient. The quality team meets monthly to review

length of stay, costs, and quality outcomes. This forum allows

for open discussion of any barriers encountered and gives the

team and physicians input into the care provided by each disci-

pline from preoperative to postacute care. This process allows

for a continuous cycle of improvement to the care of the patient

with a fragility fracture. Another important mode of communica-

tion is monthly nursing leadership rounding on the nursing staff.

This allows leadership to hear issues the staff may be experien-

cing, such as the need for more equipment or patient care issues.

It is important that leadership sets expectations of the ortho-

pedic nursing unit at the time of hire. Orientation to the ortho-

pedic unit should be with a preceptor that includes verbal

education with handouts. After orientation, nurses and patient

care techs (PCTs) should pass an orthopedic competency skills

checklist including joint and spine anatomy and physiology,

hip and knee precautions, weight bearing, transfers, bed mobi-

lity, and equipment. It is crucial that nurses and techs have some

basic knowledge of the orthopedic patient. These concepts are

taught in collaboration with our physical and occupational ther-

apy partners and orthopedic mid-level practitioners in a full-day

course on care of orthopedic patients. Also integral to their train-

ing is bowel, bladder, and pain management. We provide annual

skills fair to maintain knowledge and competency.

Areas of focus for nursing staff. Special education is important in

particular areas of risk of patients with fragility fracture. Pres-

sure ulcers due to injury, immobility, poor nutrition, and length

of time to surgery are of particular concern. Specific education

is available through online National Database of Nursing Qual-

ity Indicators (NDNQI), review course for assessment of pres-

sure ulcers. NDNQI is a national nursing quality measurement

program setup by the American Nursing Association. It allows

members to benchmark and compare nursing quality measures

(staffing, falls, healthcare acquired pressure ulcers, catheter

associated urinary tract infections, etc) against national, regional,

and state norms for similar type magnet hospitals. Comparative

data are very helpful to develop facility goals and targets. These

targets standardize knowledge on the pressure ulcer staging pro-

cess. Monthly, facility-wide skin assessments are completed by a

trained group of staff. Data collected from these assessments

should be placed in hospital reporting software as well as

reported to NDNQI. The data can then be trended by the facility

and each department to assess goal attainment.

Prevention of falls requires a team effort that includes a

patient’s family and all hospital employees. As best practice, it

is an expectation that all patients are ambulated using a gait belt.

Integration of a fall risk into standard nursing practice is very

important. An assessment of fall risk using a tool such as the Johns

Hopkins assessment tool should be made every shift.241 Patients

with high risk of falls must be signaled to all providers as high risk.

One method is the use of yellow armbands and the use of door

frame signage, so all staff and departments that touch the patient

are aware of the patient’s risk of falls. The use of booties with trac-

tion treads, and bed alarms may also prevent falls. We discuss fall

interventions with family, so they can assist in keeping the patient

safe. Every orthopedic hospital room should have a ‘‘Please call-

Don’t fall’’ sign to remind patients and families.

Patients with fragility fracture are at very high risk of delirium.

Nursing staff must be educated on what delirium is and how to

recognize the condition. Every patient should be assessed each

shift using the CAM. Positive assessments are reported to the phy-

sician to initiate a delirium order set. Education on delirium is

very important and an important tool is the Hospital Elder Life

Program (HELP) program developed by Dr Sharon Inouye

(http://www.org/public/public-main.php).242 Education of nurses

in delirium and delirium assessment as well as appropriate pain

control techniques in patients who are elderly or who have demen-

tia are critical for the improvement of care in the patient with fra-

gility fracture. Other programs that may help with delirium

include the standardization of the PCT role in caring for the

elderly patients, a Hearing/Vision Program, which provides
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patients with assistance in the daily use of glasses, hearing aids,

and magnifying lenses to keep them aware of their surroundings;

a Mealtime Assistance Program, which provides help and compa-

nionship during meals; and a Sleep Enhancement Program, a pro-

gram of warm beverages, hand massage and relaxation

techniques to induce sleep. These are evidence-based practices

that may help delay or prevent delirium in the hospitalized patient.

Resources for nursing education. Several excellent resources are

available online to help with improvements in nursing care for

patients with fragility fracture. The Nurses Improving Care of

Healthsystem Elders (NICHE) program was started at the New

York University School of Nursing and now has over 500 mem-

bers throughout the United States. The NICHE program includes

an interactive 24/7 e-Learning center, Project management sup-

port/mentoring for NICHE-based hospital initiatives as well as a

Geriatric Institutional Assessment Profile tool. The International

Collaboration of Orthopaedic Nursing has put forth an excellent

2-part document with a toolbox to help nurses care for patients

with fragility fracture. This document stresses the importance

of Pain, Delirium, Pressure Ulcers, Fluid Balance/Nutrition and

Constipation/Catheter Associated Urinary Tract Infection.243,244

Therapy

Therapists treating patients with fragility fracture should make a

concerted effort to build relationships with the treating physi-

cians. Initial communication should address expected protocols,

preferences, and expectations. Protocols can include special pro-

cedures, precautions, and approaches as well as direction to

therapists who can expect to be consulted. Establishing preferred

communication methods and discharge expectations could pre-

vent treatment delays and increase consistency in patient com-

munication. Specific recommendations are weight bearing

status, the presence of hip precautions, wound care, and timing

of mobilization. Through intentional communication with the

treating physicians, therapists can establish rapport and an open

line of communication that is essential within an interdisciplin-

ary team approach to patient care.

Physical and occupational therapy services should be

evidence-based and move beyond historical protocols to meet

new environmental demands. Patients should be treated on an

individualized basis, and frequency of treatment can be

adjusted to facilitate improved outcomes.27 Treatment fre-

quency can be increased to assist patients with more skilled

needs. By adjusting treatment frequency and intensity, physical

and occupational therapies can decrease the length of stay and

positively impact discharge options.

As with all patient populations, therapists must individualize

intervention approaches to meet the needs of the patient and fam-

ily. Many patients with fragility fractures will have cognitive def-

icits. These deficits can be related to dementia, delirium within

the hospital setting, and/or pain medication. Education and inter-

vention must be provided at a level to facilitate their comprehen-

sion and participation. One-step instructions are ideal when

providing cues during treatment. Repetition of education and new

functional approaches can serve as an effective method for

improving long-term recall, motor memory, and consistent incor-

poration of new learning into daily functional activities. Addi-

tionally, patients with fragility fractures often have family and

other caregivers at the bedside. These individuals will be caring

for the patient after discharge from the acute hospital setting and

should be included in all education and training. Interventions

with the patient and family should include functional mobility,

adapted activities of daily living, adaptive equipment use, trans-

fer training, fall prevention, and home safety/modification. Tech-

niques and education across the multidisciplinary team should be

consistent to maximize new learning and prevent unnecessary

confusion for the patient and family.

The early mobilization of orthopedic patients following sur-

gery is critical for a patient’s functional independence and pre-

vention of postoperative complications. Mobilization on the

day of surgery requires a team approach and begins with clear

expectations from the physicians. Communication of expecta-

tions to therapists, nursing staff, and patients establishes a

cohesive treatment environment. Therapists play a key role in

early mobilization in 2 ways: one, physical therapists often will

be the first discipline mobilizing the patient on the day of sur-

gery. Two, physical and occupational therapists can provide

training to all nursing staff on the safe mobilization of orthope-

dic patients. This training is essential for mobilization on the

day of surgery and throughout a patient’s hospital stay.

Training other disciplines, such as nursing, to mobilize ortho-

pedic patients can be an effective method for increasing patient

mobilization. Educational modules should include several com-

ponents. Physician protocols, preferences, and expectations

should be shared. Precautions for different surgical interventions

impacting mobilization should be explained. Transfer training

should address bed mobility, transfers, gait belt use, proper body

mechanics and safe use of adaptive equipment. Skill competen-

cies addressing varying levels of assistance needs will increase

staff comfort in mobilizing patients throughout their hospital

course. A series of classes is an effective way to provide compre-

hensive knowledge and skills training. Classes can be divided by

location of surgical intervention or injury (spine, lower extremity,

upper extremity, etc). Following education of specific protocols

and precautions, transfer and mobilization techniques can be

paired with the surgical intervention or injury location to provide

context for skills competencies. During the spine class, bed mobi-

lity and log rolling can be addressed. A lower extremity class is an

appropriate setting to address 2-person transfers and modifica-

tions to adaptive equipment, such as the height of walkers and

bedside commodes. An upper extremity class can incorporate

1-person or minimal assistance transfers to a chair or to the bath-

room. Long-term success of a multidisciplinary approach to

patient mobilization will require ongoing training as new employ-

ees are hired as well as at annual competency fairs.

Care Coordination and Care Transitions

The coordination of care for the hospitalized orthopaedic

patient with fragility fracture begins on the day of admission.
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Optimally, social workers and or nurse care coordinators (SW/

CC) will receive an order for consultation triggered from the

admission order set, initiated in the electronic health record

(EHR). Patients may also be identified for SW/CC intervention

through nurse screens in the EHR and rapid rounding. Once

identified for evaluation and assessment, the SW/CC should

meet with the patient and family to determine the patient’s

goals for discharge. Based on therapy evaluations and recom-

mendations, physician orders and patient/family goals and pre-

ferences, a referral is made to the appropriate level of postacute

provider. As almost all patients with fragility fracture will

require assistance postdischarge, this coordination should be

standardized.

In the United States, based on the patient’s diagnosis and

level of functioning, the patient may qualify for either an acute

rehabilitation placement or a placement in a SNF. The CMS

requires a 3-day medically necessary inpatient stay including

a minimum of 3 midnights prior to transfer to a SNF. Time

spent in the ED or in observation status prior to the inpatient

admission does not count toward the inpatient hospital stay

(Medicare Benefit Policy Manual Chapter 8-Coverage of

Extended Care, http://www.cms.gov/Regulations-and-Jcn/Gui-

dance/Guidance/Manuals/Downloads/bp102c08.pdf).245 Con

versations between the attending physician, case managers,

therapists, patient, and family should produce a discharge care

plan that is in agreement with patient/family goals, appropriate

for the patient’s level of functioning, and compliant with

Medicare benefits. For an SNF stay, the patient is required

to participate in 1 to 3 hours of therapy per day. Per CMS,

SNF care is covered if the patient requires skilled nursing ser-

vices or skilled rehabilitative services on a daily basis, and

the services delivered are reasonable and necessary for the

treatment of the illness or injury (Medicare Benefit Policy

Manual Chapter 8-Coverage of Extended Care, http://

www.cms. gov/Regulations-and-Guidance/Guidance/Manuals/

Downloads/bp102c08.pdf).

Certain diagnoses will qualify a patient for an acute inpati-

ent rehabilitation placement. Contrary to an SNF placement

referral, the patient does not require a 3 midnight inpatient stay

in order to qualify for an acute rehabilitation placement. The

CMS has determined 13 medical conditions that automatically

qualify for an acute rehabilitation stay. A full listing of the 13

conditions can be found on the CMS Web site, but of particular

relevance to the population with fragility fracture is fracture of

the femur. In the acute rehabilitation setting, the patient is

required to participate in 3 hours of therapy per day and will

generally stay 10 to 14 days. The patients will participate in

physical, occupational, and speech therapy in combination to

achieve the required 3 hours of therapy per day.

Care Coordination Medicare Requirement and
Expectations

Skilled nursing facility
� Requires a medically necessary inpatient stay spanning

3 midnights.

� Physical, occupational, and speech therapy of 1 to 3 hours

required per day while in facility.

Acute rehabilitation facility
� Does not require a 3-day inpatient stay.

� Requires 1 of 13 particular diagnoses (includes fractures of

femur).

� Physical, occupational, and speech therapy for 3 hours

required per day while in facility.

As most patients will need to go to either an SNF or acute

rehabilation facility, optimal care should facilitate communica-

tion between the hospital, the facility, and the surgeon. One

method of coordinating care across the continuum is to orga-

nize a team of social workers, care coordinators, therapists, and

hospital leaders (including a lead surgeon and medical doctor).

The team should then seek out postacute care providers (skilled

nursing facilities, long-term acute care and acute rehabilitation

hospitals) to form a partnership with the goal of improved com-

munication and outcomes between the acute care and postacute

care settings. The team should tour the postacute care facilities

and invite the facilities to participate in training of physician-

recommended protocols for therapies. Training can be con-

ducted by the therapy department and offered either on-site

or to the participating facility. Following the meeting and train-

ing, a postacute care partnership meeting should be setup and

scheduled quarterly to support improved outcomes and com-

munication. Multidisciplinary communication between RNs,

physicians, social workers, care coordinators, therapists, and

postacute care providers shared with the patient and family pro-

motes coordinated care from admission through discharge,

with a safe transition to the postacute care setting.

Summary

Nursing, therapy, and care coordination plays a very important

role in the care of the patient with fragility fracture. These

groups must work hand in hand with the physician leadership

and administration to provide optimal care. Specific education

based on the needs of these elderly patients must be facilitated.

Interdisciplinary care is extremely important to provide an

excellent continuum of care.

Nursing Pearls

� Nurses should round with physicians.

� Rapid rounds with entire team.

� Individualized care is based on the patient’s needs and opti-

mal level of functioning.

� Expectation that patients are out of bed on day of surgery

and for meals.

� Enhanced availability of midlevel practitioners to nursing

staff while patient is on the unit.

� Nursing education on geriatric core areas including delir-

ium, fall prevention, decubitus prevention, and pain control

� Integration of programs such as HELP or NICHE into hos-

pitals caring for patients with fragility fracture.
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The Role of Administration in the Care of
Fragility Fractures

Kimberlee Y. Daniels

Hospital administration plays a key role in the improvement in

care for patients with fragility fracture. With the aging of the

population as well as the increase in patients with the Afford-

able Care Act, pressure is squarely on hospital administration

to decrease costs while increasing quality of care. The adminis-

trator’s role is to assist physicians in the coordination and devel-

opment of systems to improve care. Operationally, this may

mean structuring multidisciplinary clinics, exploring reimbur-

sement models and building the infrastructure to support new

models of care. This is of particular importance for the fragility

fracture, where improvements in care may help decrease cost

for a system but not generate as much revenue per patient.

Despite the projected growth in fracture care, health care

systems must not allow the numbers to dilute the value of the

service being provided. As payers in the health care system

become more focused on quality, providers will need to be able

to demonstrate the value that they provide in delivering care to

patients. Payers will be looking for reductions in readmissions,

reductions in infection rates, reductions in length of stay, and

the elimination of duplicative services in the care cycle. The

role of the administrator is to assist in the identification of the

metrics that add value to the service. This requires the admin-

istrator to be knowledgeable about quality measurement. Frac-

ture care is a strong contender for quality measurement because

of the importance of the condition, the potential for quality

improvement, and the degree to which health care profession-

als control the mechanisms for improving care.

In order to have a successful process improvement that is

sustainable, it must include all members of the team, especially

the physician. Without a physician champion to lead, there will

likely be little to no sustainable change. Typical process

improvement initiatives involve a focus on fixing specific ele-

ments of the system. The administrator must be able to start the

change process, but more importantly make the change stick so

that it leads to a true shift in culture. In the area of fractures,

development of a strong working relationship between a physi-

cian champion and administrator is critical to success.

The typical relationship between the Administrator and the

Physician Leader is a collaborative partnership where the physi-

cian establishes the vision for the practice and the Administrator

coordinates the variables to carry out the vision. The Administra-

tor explores the plan to build a solid business case to support the

proposal. The business plan typically includes the financial,

operational, and strategic elements involved in carrying out the

vision. This process is generally followed when the vision

involves building and development as growth strategies. How-

ever, as capital dollars become more limited and health care orga-

nizations are more reluctant to invest in new business, the focus

must shift toward creating efficiencies in order to maximize

existing resources in the system by reducing wait times, increas-

ing access to patient care, and increasing patient satisfaction.

How does a Physician Get What They Want From
Administration?

The physician must realize that administration speaks a different

language. The physician must learn to speak some administrator-

eze to be able to successfully convey their ideas into results. Get-

ting buy-in from administration is critical to allow for the

resources to allow for operationalization of the project. Develop-

ment of a business plan is essential for success. The physician

must take their PowerPoint slides and convert these into a busi-

ness plan. The physician must understand the process of getting

resources from administration. In general, larger projects that

require significant resources must gain approval at multiple lev-

els. First is the department level, next is approval from the insti-

tution Chief Operating Officer (COO), and finally, approval

from the board of the institution is required for larger projects.

Each of these levels of approval requires a concise business style

presentation to a group of administrators. The presentation must

show what the problem is, what the solution is, and how will rev-

enue be generated from the project. A key with these presenta-

tions is for it to be concise and to the point. The presentation

should have a small section describing the need for the project

but cannot get bogged down in medical details that senior

administration will not appreciate. The physician must learn to

present like an administrator for senior administration to accept

them as knowledgeable in their realm.

For fragility fractures, the development of a service to treat

osteoporosis is a typical need. The physician must have numbers

to show how many patients will need to be treated, what resources

are required including the cost of the resources, and what the gains

will be from the project. Barriers to success should be mentioned.

The development of this business plan usually requires that the

physician champion work closely with their administrative cham-

pion to get the numbers to back the plan. In this case, how may

fractures will the program prevent over a year? How will you

show these results to patients and insurers to prove the quality

of care and the improved cost of care?

How does an Administrator Get What They Want From
a Physician?

For the administrator to be successful, they must collaborate

with a physician champion. A team effort is required. The

administrator must help the physician to build a business case

for their project. This may require investigation by the admin-

istrator to truly understand the ramifications of the physician’s

plan. The administrator must educate the physician about the

need for a business plan and how the plan must be pushed to

senior administration for approval. Coaching and preparation

for each meeting is important so that the physician learns to

speak enough administrator-eze to be able to convince a board

of people of the importance and need of the idea. The adminis-

trator should consider using LEAN processes with the physi-

cian to help in the operationalization of the plan. This has

been successful in many areas of healthcare including joint
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replacement.246,247 The Lean methods have been shown to be

effective in the development of a hip fracture service.248 The

Lean process may require bringing in other groups necessary

for the project and uncover potential roadblocks to the project

that can be addressed early on. After the plan is developed, the

administrator must truly be a cochampion for the project. This

means bringing it up in meeting with senior administration

before the board meetings so that they are familiar with the

project and understand the needs of the physicians.248

In summary, for innovative care projects to succeed, colla-

boration must exist between a physician champion and an

administrative champion.248 Each champion must learn the

language of the other to achieve success. In particular the phy-

sician champion must learn how to develop a business plan and

be able to precisely present this to senior administration.

Keys for the Administrator

� Work closely with a physician champion.

� Use Lean principles to create a structured approach to the

problem.

� Guide the champion to develop a business plan.

� Help the physician champion present effectively to senior

administration and the board.

� Work independently with senior administration to inform

them of the importance of the project.

Keys for the Physician Champion

� Identify and work closely with your administrator

� Learn how to develop a business plan

� Learn about LEAN processes

� Understand what your administration will support and work

this into your business plan

� Develop your skills so that a precise effective presentation

can be made to senior administration and the board

Proximal Humerus Fractures

Brett D. Crist, MD and Gregory J. Della Rocca, MD, PhD,
(Harry Hoyen, MD and Stephen L. Kates, MD)

Proximal humerus fractures are fragility fractures frequently

seen in late middle-aged and older adults. A 65-year-old cauca-

sian woman has a 5% risk of sustaining a proximal humerus

fracture by the age of 90.249 Risk factors for developing prox-

imal humerus fractures include low bone mineral density, fre-

quent falls, diabetes, difficulty walking in dim light, poor

vision, and low dietary calcium intake.

A proximal humerus fracture often occurs after a fall from

standing height onto an outstretched arm or directly onto the

shoulder. A careful history documents critical information that

may identify modifiable risk factors that led to the injury, such

as dizziness, recurrent loss of consciousness secondary to anti-

hypertensive medication, or frequent falls due to a cluttered liv-

ing environment. An understanding of the patient’s preinjury

functional status, including rotator cuff function, medical

comorbidities, living situation, ambulatory status, and use of

ambulatory aids, will help determine their treatment and care

needs.

Pathophysiology

As the proximal humerus is primarily composed of cancellous

bone; it has a propensity to be affected by osteoporosis. The loss

of cancellous bony trabeculae combined with decreased trabe-

cular interconnections weaken the metaphysis more than the

diaphysis, leading to higher likelihood of fracture in the meta-

physeal region. In elderly patients, the bone within the articular

segment is vacuous except for the subchondral bone. This makes

ORIF challenging; postoperative collapse leads to articular

penetration in approximately 23% of the patients.250 Although

most proximal humerus fractures in these patients result from

falls, fractures can also occur through a metastatic lesion, and

this should be excluded when evaluating the patient. The attach-

ments of the rotator cuff tendons onto the greater and lesser

tuberosities and the pectoralis major and deltoid muscle group

attachments to the humeral shaft affect fracture fragment displa-

cement. Typical displacement patterns can be seen based upon

the deforming forces associated with the fracture fragments. The

greater tuberosity externally rotates posteriorly and superiorly

secondary to the forces of the supraspinatus and infraspinatus.

The subscapularis muscle internally rotates and medializes the

lesser tuberosity fragment. The humeral shaft may be impacted

into the articular surface in valgus (valgus-impacted) or dis-

placed superiorly with articular surface in varus (varus-

depressed) with apex anterior angulation in the sagittal plane

as a result of the pectoralis and deltoid forces on the humeral

shaft. Head-splitting fractures, fractures where the articular

segment has less than 8 mm of metaphyseal extension, and

fractures with a disrupted medial calcar hinge put the vascular

supply to the proximal humerus at risk of avascular necrosis

(AVN) and may influence the treatment method.251,252 Since

a vascular necrosis of the proximal humerus may be well toler-

ated, it doesn’t necessarily have to direct initial treatment.

However, the known risk factors for AVN allow the surgeon

to discuss the risk with the patient.

Classification

The most commonly used system for classifying proximal hu-

merus fractures was described by Neer in 1970 (Figure 9).253,254

This system incorporates Codman 4 parts of the proximal

humerus, namely, the anatomic head, the lesser tuberosity,

greater tuberosity, and the humeral shaft (Figure 10).255 Displa-

cement of more than 1 cm or angulation of the part by 45� or

more allows the fragment to be counted as a part. Thus, a non-

displaced fracture would be zero parts and a fracture with dis-

placement of greater than 1 cm of all 4 parts would be a 4-part

fracture.

In addition, the Neer classification has several special proxi-

mal humerus fracture types, such as the fracture associated with

a glenohumeral dislocation and one with splitting of the articular
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surface (head-split). These special fractures have unfavorable

prognoses, especially for osteonecrosis or traumatic arthritis.

Other classification systems exist, such as the AO Foundation/

Orthopaedic Trauma Association (OTA) system,256 but they

are mostly used for research communication. The Neer classifi-

cation is the one most commonly used in the United States.

Clinical Features

Presenting complaints are pain, swelling, tenderness, and

diminished ability to move the arm. Crepitus is often present,

and ecchymosis may be impressive if the patient is not seen

early. Displaced fractures or fractures associated with a dislo-

cation may have obvious deformity depending upon the

patient’s size and body habitus.

Neurovascular injuries are rare but should not be over-

looked. Patients may present with a neurologic deficit such

as axillary nerve sensory deficit or brachial plexus injury. A

thorough neurological examination should be performed and

documented for all patients. The most frequently injured struc-

tures are the axillary nerve and components of the lateral cord.

These are usuallya neuropraxia due to traction or compression

injuries and observation is recommended. Resolution of the

neurologic symptoms typically occurs within the first 3

months. Motor function of the deltoid muscle can easily be

assessed when the examiner places one hand on the posterior

deltoid and the other on the posterior elbow; the patient is

instructed to push the elbow posteriorly, and contraction of the

deltoid can be palpated. This method works even in patients

unwilling to move the shoulder (the examiner asks about the

elbow) due to pain from the injury.

A thorough skin evaluation should be performed to address

any skin tears present to avoid missing an open fracture. Other

injuries may also occur with simple falls and the patients

should be assessed for ipsilateral extremity injuries and head

and chest trauma (including rib fractures).

Radiographic evaluation

Conventional orthogonal radiographs are essential for diagno-

sis of a proximal humerus fracture. The standard views are a

true shoulder (scapular) AP view (‘‘Grashey view’’), a scapular

lateral ‘‘Y’’ view, and an axillary lateral view. Multiple alterna-

tive axillary views exist, including the Velpeaux view, to over-

come the difficulty in positioning the upper extremity in the

injured patient and should be considered. Most fractures can

be diagnosed and classified with the 3 standard views. The rela-

tionship between the humeral head and the glenoid should be

carefully studied to avoid missing a dislocation257 associated

with a fracture, and the 4 anatomical parts of the humeral head

should be assessed with respect to displacement and/or angula-

tion. Full-length AP and lateral radiographs of the humerus

should be done to avoid missing a noncontiguous injury. In

situations involving extreme comminution, a CT scan may be

necessary to fully diagnose the extent of the injury, including

visualization of a head-splitting fracture. The CT scans can

be helpful in determining the size of the articular segment that

can accommodate screw fixation, which may determine the

treatment choice.

Nonoperative Treatment

Most valgus-impacted and nearly all minimally displaced frac-

tures are best treated with nonoperative care. Fractures in

Figure 10. The common zones of injury in the humerus, that is, the
anatomic head, tuberosity region, and surgical neck area.

Figure 9. The 4 parts of the proximal humerus as described by
Codman255: A, greater tuberosity. B, Lesser tuberosity. C, Anatomical
head. D, Humeral shaft.
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valgus alignment with an intact medial hinge (humeral calcar)

tend to have a better prognosis with nonoperative treatment

than those with varus alignment or medial hinge disruption.258

Nonoperative management may also be chosen in patients with

displaced fractures that have low functional demands with their

extremity, will not tolerate surgery, or have significant osteoporo-

sis with a high risk of postoperative failure.

Use of a sling or shoulder immobilizer for comfort followed

by early gentle range of motion has historically had a high suc-

cess rate.259 Sling immobilization for 10 to 14 days is typically

needed before initiation of gentle exercises for range of motion.

The sling should be removed for hygiene activities and to start

early wrist and elbow range of motion to avoid joint contracture

and aid in edema reduction, since the shoulder may be immobi-

lized for 3 to 4 weeks.252 The sling can be discontinued as early

as their pain allows. The patient is generally kept nonweight

bearing through the injured upper extremity until fracture callus

is seen radiographically. The patient may start Codman pendu-

lum exercises when pain allows. Patients should be evaluated

approximately every 2 weeks with radiographs and clinical

examination until there is radiographic evidence of callus at

the fracture site and there is significant improvement in pain.

This is usually when activities above chest level and strength-

ening exercises are allowed. Early involvement of physical or

occupational therapists may help improve activities of daily

living or if the patient has difficulty doing Codman exercises.

Typically, therapists become more involved as the fracture

heals and becomes less painful. Radiographic fracture healing

is typically seen at 3 to 4 months with functional improvement

continuing for 6 to 12 months.

Closed reduction alone is not typically successful for prox-

imal humerus fractures. Typical circumstances for attempting a

closed reduction in the ED or operating room could include an

associated glenohumeral dislocation (which is occasionally

successful), significant fracture displacement leading to neuro-

vascular compromise, or an impending open fracture. Reduc-

tion may be achieved with intravenous sedation or general

anesthesia, depending on the patient’s needs.

Surgical Treatment

Not all displaced proximal humerus fractures can be treated

nonoperatively. Attention must be given to the type, angulation,

and degree of displacement of the fracture but also to the

patient’s functional demands when choosing a treatment plan.

For example, an elderly patient who lives independently and

fractures the dominant arm may require operative consider-

ation in order to maintain the functional level. An elderly

patient with severe dementia who resides in a nursing facility

and is minimally functional may have an acceptable result with

nonoperative management regardless of fracture displacement.

For 2-part fractures, surgical management includes several

options based upon the parts that are displaced. Surgical neck

fractures with displacement may be managed with closed

reduction and percutaneous pinning, intramedullary nailing,

or ORIF with plate and screws. Displaced anatomical neck

fractures, uncommon in this age group, have historically been

managed with prosthetic replacement due to concerns over

compromised blood supply to the articular surface and risk of

AVN. However, ORIF has been used successfully and may

be considered.260 Although the Neer classification uses 1 cm

of displacement as criteria for a part, greater tuberosity frac-

tures with greater than 5 mm of displacement are problematic

for shoulder function and may be considered for operative man-

agement. The technique used for operative management

depends upon the fracture fragment size. Typically, tension

band fixation either with suture, wire, or plate fixation is used

based on fragment size. Occasionally screw fixation is done,

but reinforcement with suture fixation into the supraspinatus

bone-tendon junction is recommended to minimize risk of fail-

ure in patients with osteoporosis.

Three-part fractures may be fixed with open reduction and

plate fixation, tension band wiring (mostly abandoned), closed

reduction, and percutaneous pinning with terminally threaded

wire fixation261 or intramedullary fixation with suture augmen-

tation of the tuberosity fragment. Attention must be given to

accurate reduction in the tuberosities and fixation sufficient

to maintain fracture reduction to allow for the tuberosity frac-

ture healing required for acceptable postoperative function.

Medial bony calcar apposition, if possible, is desired in order

to minimize the risk of postoperative varus collapse with con-

comitant articular screw penetration. Calcar support can be sup-

plemented with an intramedullary plate or cortical allograft

strut.262 In some cases, restoration of the calcar may not be possi-

ble, and intraoperative impaction of the shaft into the humeral

head may improve fracture stability.263 The best remaining bone

in the humeral head is typically within 1 cm of the articular sur-

face. Placement of screws or pins into this bone gives the best pur-

chase but carries a risk of intra-articular screw penetration.264-266

Four-part fractures and head-splitting fractures that are not

reconstructable may best be managed with prosthetic replace-

ment. As tuberosity healing is not reliable and restoration of

humeral height is difficult after arthroplasty, clinical results

may be mediocre.267,268 It is important to make sure the patient

understands that the goal of the arthroplasty is pain relief. Gener-

ally, overhead function is not restored, and the patient must under-

stand that there is a potential for loss of shoulder function in the

long term. Depending on the patient’s extremity dominance and

functional demands, these fractures could be considered for non-

operative management. For extremely comminuted 4-part frac-

tures with nonreconstructable tuberosities, some surgeons have

found good results with the reverse shoulder replacement.269

Rehabilitation

Shoulder range-of-motion exercises should begin in the early

postoperative period as the patient’s pain allows. Codman exer-

cises are usually begun within the first postoperative week.

Above chest level activities should be restricted until fracture

callus is evident. Overly aggressive physical therapy and exer-

cises may increase the risk of fixation failure in the postopera-

tive period. A sling is usually worn for comfort only and may
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be discarded as early as the patient’s pain allows. During the

period of convalescence, range-of-motion exercises should

include elbow, wrist, and hand motion. Although full shoulder

functional recovery may not be expected, limited use of the rest

of the upper extremity can significantly compromise activities

of daily living. Scapular plane motion may substitute for some

lost glenohumeral motion for activities that involve the hand-

to-head function. Good strength within the limited motion arcs

is often an acceptable outcome. The most commonly used tools

used for postfracture functional outcomes assessment are the

Disabilities of Arm, Shoulder, and Hand (DASH) and the Short

Form 6D.270

Summary

Fragility fractures of the proximal humerus present many

challenges. Treatment must be individualized for the patient

based on the fracture characteristics as well as the patient’s

functional demands. Accurate characterization of the injury

and consideration of the patient’s preinjury function and

postfracture needs may allow for acceptable outcomes for

most patients.252,268

Treatment of Osteoporotic Proximal Humerus Fractures

� Treatment of proximal humerus fractures is complex and

should be designed to provide for the best functional out-

come for each patient.

� Nonoperative: Most fractures.

� Operative: Consider for displaced 3- or 4-part fractures,

indications for surgical intervention are controversial.

ORIF: high complication rate due to fixation failure.

Hemiarthroplasty: Outcomes related to tuberosity fixation.

Reverse shoulder replacement: Failed prior treatment, pre-

existing rotator cuff dysfunction.

Distal Radius Fractures

Simon C. Mears, MD, PhD (Harry Hoyen, MD)

Distal radius fractures are a very common injury in patients

with reduced bone quality. Approximately 200 000 distal

radius fractures occur in the United States each year, and

women are approximately 4 to 6 times as likely to sustain a dis-

tal radius fracture as are men.271 The incidence of distal radius

fractures begins to increase around the age of 50.272 It is

thought that the overall rate of distal radius fractures is increas-

ing.273 Care of the patient with a distal radius fracture is also

costly: A cost of US$7788 (between years 2000 and 2005) has

been estimated for a Medicare patient with a distal radius frac-

ture.274 Despite their frequency, treatment of distal radius frac-

tures in elderly patients is controversial275

Pathophysiology

Fractures of the distal radius most often occur from a fall onto

the outstretched hand from a standing height. The most typical

fracture pattern is with dorsal displacement of the distal radius,

and it may or may not be accompanied by comminution of the

radius, injury to the ulnar side of the wrist, or other wrist inju-

ries such as injury to the scapholunate ligament. Distal radius

fracture may also be open injuries. Fractures are associated

with diminished bone quality in the distal metaphysis of the

radius.

Classification

Many different fracture classification systems have been devel-

oped, but, in general, they have poor interobserver reliability.

When evaluating radiographs of the fractured distal radius, sev-

eral measurements can be helpful, including apex volar angula-

tion, radial length, and radial inclination. Most classification

schemes distinguish between fractures with and without

intra-articular extension and the amount of intra-articular

involvement and comminution. Measurement of fragment

depression or intra-articular ‘‘step-off’’ should be made

because depression larger than 2 mm is associated with devel-

opment of traumatic arthritis.

Clinical Features

Fracture of the distal radius is usually obvious, with deformity

of the wrist, pain, and swelling. Occasionally, a fracture may be

nondisplaced and less painful. A skin examination is essential

rule out open injury, particularly near the ulnar styloid. A thor-

ough neurovascular examination should be performed to rule

out nerve or vascular injury. The patient should be questioned

to ascertain the dominant hand and the preinjury functional sta-

tus. Treatment plans may be different in a patient with a poor

functional status than in one who is very active. The clinician

should assess the patient’s activity level and goals after the

fracture has healed.

Radiographic Evaluation

AP/lateral/oblique views of the wrist should be obtained.

Radiographs of the remaining forearm/elbow and potentially

the shoulder should be obtained after joint-specific examina-

tions. Other disabling conditions of the hand, such as thumb

basal joint arthritis, wrist instability, preexisting deformity, and

other posttraumatic conditions should be identified. These

problems may cause a greater impact on hand function than

does the distal radius fracture.276,277 A traction view can be

helpful in determining the fracture pattern and stability.278

Nonoperative Treatment

All displaced distal radius fractures should be reduced and

splinted. Reduction is often aided with the use of a hematoma

block. With this block, the fracture site is infiltrated with lido-

caine via a dorsal approach. Additional intravenous medication

may also be needed for reduction. During reduction, a traction

radiographic view should be obtained. Reduction is performed
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with recreation of the displacement followed by translation of

the carpus volarly with traction.

A well-padded splint or cast should be then placed without

excessive palmar flexion of the wrist. For fractures that require

reduction, a sugar-tong splint or cast maintains the reduction

better than a slab splint. The splint must be carefully placed

to allow the patient to have range of motion of the metacarpo-

phalageal joints and thumb. A splint that is too long can con-

tribute to hand stiffness. The splint or cast must be molded

using a 3-point technique to allow for fracture reduction main-

tenance. A splint or cast should not have a cylindrical shape; it

should appear deformed—otherwise the molding is insuffi-

cient. Postreduction radiographs are then scrutinized to assess

fracture reduction. The mold should be visible on the radiographs.

Based on the postreduction radiographs, patient goals, and

patient activity levels, a plan for treatment can be developed.

If the fracture is well reduced or the patient is nonfunctional,

closed treatment can be attempted.279 This treatment should

include a weekly radiograph in the splint or cast to assure main-

tenance of the reduction. After 3 weeks, the splint or cast may

be removed and a short-arm, well-molded cast can be placed.

At 6 weeks, the patient usually can be transitioned into a

Velcro-applied wrist splint.

Restoring motion and reducing swelling is critical during

this period. Elderly patients with distal radius fractures are sus-

ceptible to stiffness of the hand, wrist, elbow, and shoulder.

Hand edema can be severe, and all rings must be removed at

the time of initial evaluation. The patient and caregivers must

be counseled to elevate the hand and to use a sling initially.

They must be told to remove the arm from the sling frequently

and to move the elbow and the shoulder. Stiffness, pain, swel-

ling, and skin temperature changes may represent onset of a

complex regional pain syndrome. Early recognition of this con-

dition is essential to allow for early treatment with therapy and

sympathetic blockade. Physical or occupational therapy can be

instrumental in maintaining range of motion. The splint or cast

must be checked to make sure it does not impede range of motion.

Nondisplaced fractures are thought to be stable and can be

treated with a short arm cast for 4 to 6 weeks.280 If fracture

reduction is not obtained with closed reduction, or if the reduc-

tion is later lost, additional decisions must be made. If the frac-

ture alignment is unacceptable when considering the needs of

the patient, operative treatment should be considered. Repeated

attempts at reduction are unlikely to result in improved final

fracture alignment. The radiographic parameters for failed

reduction are controversial but include radial shortening, >2

mm of intra-articular depression, volar tilt of >20�, or dorsal

tilt of > 0� to 10�.
It has long been thought that fragility fractures do not

require operative intervention. The parameters described for

younger patients in relation to radial tilt, dorsal angulation, and

ulnar variance are often in reference for the development of

carpal instability patterns, posttraumatic arthritis, ulnar abut-

ment, and long-term effects. The manner in which these factors

affect carpal kinematics is less understood in the elderly popu-

lation. These radiographic guides must be matched with the

activity level and goals of the patient. Fractures of the palmar

lip or volarly displaced fractures are typically unstable and not

easily managed with closed reduction and immobilization.

Similarly, if the fracture is comminuted, operative treatment

may be considered. In select cases, a CT scan may be helpful

for planning surgical intervention.

Surgical Treatment

If operative intervention is selected, the treatment options

include percutaneous Kirschner-wire (K-wire) fixation, intrafo-

cal K-wire fixation, external fixation, intramedullary fixation,

osteobiologic supplementation, arthroscopic reduction, dorsal

or volar plate stabilization, or combinations thereof.

The literature does not provide a guide for the best method of

fixation, and the choice and success of the modality depend on

the experience and skill of the surgeon. It is unlikely that an indi-

vidual surgeon will be skilled in multiple fixation methods.

Well-done fixation with 1 method is more likely to achieve a

good result than poorly done fixation with a perceived (but less

frequently used) superior method. Interestingly, the rate of fixa-

tion of distal radius fracture is dramatically different in different

areas of the United States.281 No information is available for

determining whether results are better in the geographic areas

with more surgical intervention. In general, each of these meth-

ods may be successful and each has different risk associated.

Certainly, pin track infection can be a risk of K-wire fixation and

external fixation that is not associated with internal fixation.

The goals of surgery are to maintain reduction and improve

wrist function. The objective measures are consistently better

with internal fixation, but the outcome measures are very

similar between operative and nonoperative treatment

groups.276,282-284 A more specific outcome measure for fracture

treatment is needed and is a potential for further study. The

DASH outcome measure may not be appropriate for distal radius

fractures in the older patient population. Volar fixed-angled

plates are popular for the treatment of these fractures. The osteo-

penic bone is directly supported with the locking screws for

volar stabilization. Risk factors for plate fixation are plate fail-

ure, fracture subsidence, and tendon irritation or rupture. Two

recent studies have evaluated the outcomes of volar plate fixa-

tion versus nonoperative treatment285 and versus external fixa-

tion.286 In both studies 1-year outcomes were not different,

although the internal fixation groups may recover faster than the

nonoperative or external fixation groups.

Patients with complex articular fractures often present with

separate dorsal and volar segments. Axial load causes complete

shortening of both segments and flattening of the articular dish.

This articular incongruity is better tolerated in the elderly pop-

ulation than in younger individuals. In the scaphoid-lunate

facet region, articular fractures displaced >3 mm may lock the

scaphoid and lunate from rotating with each other. This fracture

type may require open reduction, and the metaphyseal angula-

tion may also dictate the necessity for internal fixation.284,287

Fixation of the ulnar side of the wrist is debated. Although it

can be achieved with K-wires or screw or wire fixation, it is
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unclear how much this improves wrist function, particularly in

the elderly patient.

Clearly, further research is required to determine an appro-

priate treatment algorithm for the treatment of distal radius

fractures in the elderly. This algorithm will require careful

attention to standardized outcome measures, comorbidities, the

needs of the patient, the skill of the surgeon, and cost.288 For

most distal radius fragility fractures, strong consideration

should be given to nonoperative management as 1-year results

of operative fixation are similar.

Rehabilitation

After casting or surgery, early finger motion is essential to pre-

vent edema and stiffness. When immobilization is discontin-

ued, aggressive finger and hand motion is necessary to allow

for the best possible outcomes. Hand and occupational thera-

pists are an essential part of the patient’s recovery.

� Distal radius fracture in the elderly patient should be first

treated with closed reduction and immobilization.

� The decision for operative management should be made

after evaluation of the radiographic alignment of the frac-

ture and a functional assessment of the patient.

� The type of surgery should be based on the needs of the

patient and the skill of the surgeon.

Vertebral Compression Fractures

Addisu Mesfin, MD, and Wakenda Tyler, MD

Osteoporosis of the spine is a progressive disease process that

can lead to functional morbidity and severe pain, even in the

absence of an acute fracture. Approximately 750 000 vertebral

compression fractures (VCFs) occur yearly in the United States.

These numbers will likely increase as the United States popula-

tion continues to age. Vertebral compression fractures of 70 000

(~10%) will result in a hospitalization lasting, on average, for 8

days.289 Once a person has sustained a VCF, there is a 5-fold

increased risk of sustaining a second VCF and 4- to 5-fold

increased risk of a subsequent hip fracture.289-291 In 2005,

the estimated direct cost of osteoporotic fractures in the

United States was US$18 billion a year, and if there are little

changes in the epidemiology of these fractures over the next

30 to 40 years, that cost will likely double.292 Vertebral frac-

ture comprise 27% of osteoporosis-related fractures followed

by 19% of hip fractures.293 Direct costs in the first year follow-

ing a vertebral fracture have been estimated at US$8380.294

Population-based prevalence studies of osteoporotic compres-

sion fractures range from 10% to 25% in women and 10% to

27% in men.295-298

Pathophysiology

The causes of osteoporosis can be explained in the vast major-

ity of cases as a result of decreased circulating estrogen (in the

case of rapid turnover postmenopausal osteoporosis) or of the

natural aging process (as in the case of low turnover age-

related osteoporosis). There is some evidence that mutations

in the plastin 3 (PL3) gene may contribute to decreased BMD

and fractures in heterozygous women.299 In either case, as the

bone quality and quantity decreases throughout the body, the

spine is often one of the most affected areas. As the cortical

and trabecular bone of the vertebral bodies begin to decline

in thickness and connectivity, the risk of fracture from physio-

logic compressive forces increases. Simple activities, such as

standing from a sitting position, can lead to fracture through

the weakened bony trabeculae. Some fractures occur as a gra-

dual micro-fracture process that leads to progressively wor-

sening anterior vertebral compression and wedging. These

gradual fractures can often be asymptomatic. Other fractures

may occur as an abrupt catastrophic failure of the trabeculae,

which may be immediately painful. Once a person has a com-

pression fracture, it alters the spine’s biomechanics, predis-

posing it to more compression fractures. A weak vertebral

body bone is also representative of a more systemic process

taking place throughout the entire body, which is why VCFs

are often ominous signs of future fractures.

Classification

There are 2 main types of VCF, namely, acute and chronic.

Acute VCF may present with back pain after minimal activity,

as mentioned earlier; this pain can be extremely debilitating.

The chronic form of VCF is often detected incidentally when

the patient is being examined by a physician and is noted to

have a decreased standing height or kyphotic deformity.

Chronic VCF may also present with new-onset pain or postural

fatigue, as the normal biomechanics of the spine become fur-

ther compromised by the fractures. Some fractures may also

be detected when radiographs of the lumbar or thoracic spine

are obtained for unrelated reasons (such as abdominal radio-

graphs to assess intestinal gas patterns or routine screening

chest radiographs) The identification of the fracture type as

acute or chronic can impact the type of medical care and surgi-

cal management (if any) chosen for the patient (see subse-

quently for the management of acute and chronic VCFs).

In certain instances, the patient may have a combination of

chronic and acute compression fractures. Magnetic resonance

imaging is useful in these instances to determine whether or not

the fracture is acute. The sagittal T2 Short Tau Inversion

Recovery (STIR) is ideal for differentiating between chronic

and acute fracture. In acute fractures, the STIR sequence will

show bony edema (high signal), whereas in the chronic fracture

no edema is noted.

Although 2 common classification systems address the spe-

cific anatomic features of VCFs,300 neither has been univer-

sally accepted. In general, when relaying information about

the fracture pattern, it is acceptable to describe the percentage

of collapse seen on conventional lateral radiographs via Cobb

angle measurements.
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Clinical Features

Two-thirds of VCFs will not be noticed initially, usually

because the patient has minimal symptoms at the time of the

event. Patients who are initially asymptomatic may present

with loss of height, kyphotic deformity in the thoracic and lum-

bar regions, and functional declines. The patient’s osteoporosis

may go untreated because of the lack of acute symptoms, which

may lead to a subsequent fracture, such as a hip fracture. The

other third of patients with VCFs often present with symptoms

that are detected close to the time of the initial fracture. The

most common presenting symptom is acute onset of back pain

after an atraumatic event, such as sneezing or standing from a

sitting position. Other acute findings can include loss of height

and kyphotic deformity in the spine. Patients with VCFs can

also experience neurologic symptoms, such as weakness or

radiating pain down the leg or across the chest wall. If such

symptoms are present, one should suspect retropulsion of a

fracture fragment into the spinal canal or compression of a

nerve root in the neural foramen (Figure 11). An MRI is indi-

cated in this situation (Figure 12). If the patient has a contrain-

dication to an MRI, such as a pacemaker, then a CT can be

obtained to assess for canal compromise (Figure 13). If neuro-

logic symptoms are present then a CT myelogram can be

obtained. Neurologic compromise can be a serious complica-

tion and can lead to permanent weakness or disability.301

Radiographic Evaluation

If a VCF is suspected, conventional radiographs are a useful

starting point for workup (Figure 14). AP and lateral views

can be helpful. The fractures are often easily seen on the

lateral view. A decrease of 4 mm or more than 20% in vertebral

height compared with the baseline height of the vertebral bodies

(using the normal vertebra above or below the suspected fracture

site) is diagnostic of a VCF.302 Evaluation of the posterior ver-

tebral line can also be helpful in detecting retropulsion of frac-

ture fragments. If retropulsion or nerve compression is

suspected, an MRI or CT scan should be requested.

Magnetic resonance imaging is helpful in the setting of VCF

for several reasons. Unlike conventional radiographs, MRI can

often illustrate the acute nature of the fracture (Figure 15). The

Figure 11. Plain radiograph of a compression fracture suspicious for
foraminal involvement.

Figure 12. Sagittal magnetic resonance imaging (MRI) scan showing a
fracture with retropulsion into the spinal canal.

Figure 13. Computed tomography (CT) scan showing a vertebral
compression fracture.
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presence of marrow edema and surrounding soft-tissue edema

is strongly suggestive of an acute or acute-on-chronic VCF.

The MRI can also help to delineate the presence of a retro-

pulsed fracture fragment or foraminal narrowing, which may

be helpful in explaining the patient’s symptoms and in deter-

mining treatment.

Patients with a history of malignancy or metastatic disease

may present with a compression fracture. An MRI with and

without contrast should be obtained to search for evidence of

metastatic disease. The gold standard though is a CT-guided

biopsy.

Finally, in some cases, when an MRI cannot be performed or

is indeterminate, a bone scan can sometimes be helpful in

detecting the presence of an acute fracture versus a chronic,

older fracture. Bone scans may not become positive at the frac-

ture site until about 10 days after the initial injury, and if the

bone scan is obtained too early in the process, a false-

negative result may occur.303

Nonoperative Treatment

Most patients with VCFs can be treated with nonsurgical

options. There are 3 categories of such interventions, namely,

treatment of the underlying osteoporosis, pain management,

and bracing.

Treatment of the underlying osteoporosis that led to the frac-

ture can be achieved with the use of several different medica-

tions such as calcium and vitamin D, along with calcitonin,

bisphosphonates, parathyroid hormone analogue, raloxifene,

and denosumab (see the section on osteoporosis for the indica-

tions for use). Pain control, maintenance of function, and cor-

rection of or stabilization of deformity are also important

components in the treatment of VCF.

Pain control is an essential part of the medical treatment of

VCF. Without adequate pain control, patients cannot be mobi-

lized, which will lead to permanent functional declines and

other complications frequently seen in immobile elderly indi-

viduals (e.g., decubitus ulcers, VTE, and pneumonia). NSAIDs

and acetaminophen are good starting points for control of pain.

However, NSAIDs should be used with caution especially in

older women and in patients with a history of hypertension,

gastrointestinal bleeding, ulcers, or renal disease, and acetami-

nophen should be used with caution in patients with advanced

liver disease. If NSAID treatment is unsuccessful, a short

course of narcotic medications can be considered. Narcotics

can work well for pain control but can cause confusion, delir-

ium, and constipation in elderly patients. Some medications

that are used to treat the underlying osteoporosis have also been

shown to improve pain related to VCFs.304,305 Calcitonin, in

particular, has been associated with improvement in pain

through its ability to influence beta-endorphin levels.305 Teri-

paratide and bisphosphonates have also been found to be asso-

ciated with lessened bony pain in patients with VCF.304

Bracing can help with pain relief by reducing the amount of

continued compression and micromotion at the fracture site.

Bracing can also act as a supplement to muscle support for

patients who experience early muscle fatigue. Bracing

improves the biomechanics of the spinal column after frac-

ture.124 Extension bracing can prevent additional collapse in

the setting of an acute fracture and can help the fracture heal

in a more anatomic position,306 which may in turn prevent sub-

sequent additional fracture and pain. The Jewitt brace and the

CASH brace are 2 frequently used types of braces for VCFs.

They both function to provide 3-point stability to the spine and

prevent flexion at the thoracic and lumbar regions.306 Both can

be worn under regular clothing. The major problem with bra-

cing is that many elderly patients are unable to tolerate it for

lengthy periods of time. The braces can cause skin irritation

and pressure sores. Bracing can also lead to decreased mobility

Figure 14. Standard radiograph showing an L1 vertebral compression
fracture.

Figure 15. Magnetic resonance imaging (MRI) showing marrow
edema with an acute vertebral compression fracture.
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if the brace is too bulky for the patient’s body type. In addition,

it may also be difficult to obtain a brace that adequately fits an

obese patient. The braces may contribute to further muscle

atrophy. These factors, along with individual patient needs and

body geometry, need to be taken into account when bracing is

being considered. The patient does not need to wear the brace

in bed or when in a supine position, only need to wear it when

upright or walking. Bracing is recommended for 8 to 12 weeks

depending on the severity of the compression fracture.

Surgical Treatment

Surgery should be reserved for patients with painful VCFs for

whom nonoperative treatments have failed and those who have

been shown to have an acute VCF on MRI or bone scan. The

two procedures that have been approved for intervention for

VCF are vertebroplasty and kyphoplasty. Vertebroplasty is the

injection of polymethylmethacrylate (PMMA) bone cement,

through a posterior transpedicular approach into the collapsed

vertebral body. Like vertebroplasty, kyphoplasty uses PMMA

to stabilize the fractured vertebral body, but it differs in that

before the cement is injected, a balloon is inserted into the ver-

tebral body and inflated to allow the vertebral body to be

expanded more closely to its prefracture position. After the bal-

loon is withdrawn, the PMMA is then injected into the

expanded space and allowed to harden. Both procedures are

thought to improve pain and function in patients with acute

VCF307 but to have limited utility in patients with chronic back

pain and chronic VCFs.

Surgical intervention for VCF is controversial, and the

choice between vertebroplasty and kyphoplasty is still very

much a debated topic. Advocates of kyphoplasty argue that

it more accurately restores the natural anatomy of the spine

(Figure 16).308,309 Advocates of vertebroplasty argue that the

balloon effects on restoring the anatomy are minimal and that

the pain relief experienced from both procedures is secondary

to stabilization of the fracture with cement.310 Vertebroplasty

advocates also argue that the risk of iatrogenically induced

fracture fragment retropulsion is less with vertebroplasty.311,312

Retropulsion of bony fragments can lead to neurologic deficits

and spinal cord compromise and is a major complication of

either procedure.313

Three recently published randomized placebo-controlled

trials have called into question the efficacy of vertebroplasty

in improving pain in patients with VCF.314-316 Kallmes

et al315 found a trend toward improved pain scores over base-

line in the vertebroplasty group at 1 month posttreatment, but

it was not a statistically significant difference. Buchbinder

et al found that at 6 months, there was no difference between

groups in pain or functional scores.314 Critics of these studies

point out that the analysis included patients with fractures up

to 12 months old, whom many would consider beyond the

window of the acute fracture period and therefore would have

limited improvement from the procedure. Wardlaw et al specif-

ically assessed the efficacy of kyphoplasty and found that

patients treated with kyphoplasty had statistically significant

improvements in the SF-36 scores at 1 month.316

Both vertebroplasty and kyphoplasty have potential compli-

cations, including the risk of cement extrusion into the spinal

canal, retroperitoneal space, or thoracic cavity; intravascular

extrusion of cement; fat embolism syndrome, which should

be considered when pulmonary compromise is noted during

or after the procedure; and neurologic deficits from cement

causing injury to local nerve roots or the spinal cord or from

subdural and epidural hematomas.312,313 Patients with bleed-

ing disorders or on anticoagulants should have their coagula-

tion values restored to normal before proceeding with either

procedure. Patients should also be off aspirin and platelet

inhibitors for 1 week before either procedure. Retropulsion

of fracture fragments into the spinal canal from the pressure

from the cement entering the enclosed space has been

reported and can be a devastating event.317 Therefore, most

advocates of these 2 procedures would argue that they should

not be performed in people who already have evidence of ret-

ropulsion of the posterior vertebral body wall or an incompe-

tent posterior vertebral body wall on MRI or conventional

radiographs.

There are also concerns of adjacent-level fractures follow-

ing PMMA augmentation. Low bone mineral density, low body

mass index, and intradiscal cement leakage are risk factors for

compression fractures adjacent to a PMMA augmented level.318

The AAOS has developed clinical practice guidelines for

compression fractures (http://www.aaos.org/research/guide-

lines/SCFguideline.pdf). Based on a review of the literature,

the AAOS is recommending against vertebroplasty and limited

recommendation for kyphoplasty for compression fractures.

Meanwhile the American Association of Neurological Sur-

geons, Congress of Neurological Surgeons, American College

of Radiology, and several other radiologic societies have

guidelines in support of vertebroplasty/kyphoplasty for

Figure 16. Lateral radiographs showing treatment of compression
fractures with kyphoplasty cement augmentation.
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compression fractures recalcitrant to nonsurgical manage-

ment.319 For these societies, 24 hours of nonoperative manage-

ment is the window prior to considering intervention. It is

typical in our practice to wait a minimum of 4 weeks prior to

considering vertebroplasty or kyphoplasty.

Summary

VCFs frequently occur in patients with osteoporosis and often

involve complicated presentations and complex treatment

decisions. Combinations of medicinal, functional, and some-

times surgical treatment options need to be considered. The

vast majority of patients can be treated with medical manage-

ment options, which include pain medications and bracing,

but a small subset will benefit from surgical intervention.

Because surgical treatment carries substantial risks, special

training is suggested for those surgeons performing vertebral

augmentation.

� Following diagnosis of a compression fracture, referral for

DEXA scan and metabolic bone specialist should be

initiated.

� In the setting of acute and chronic compression fractures,

an MRI (T2 STIR sequence) will help in the diagnosis of

the acute fracture (increased signal).

� Bracing and symptomatic pain management are part of the

nonoperative of acute compression fractures.

� The use of vertebroplasty/kyphoplasty in the management

of acute compression fractures is controversial. There may

be a role for these modalities for recalcitrant pain associ-

ated with compression fractures.

� In the setting of prior malignancy or metastatic disease,

MRI with and without contrast should be ordered. Biopsy

of the vertebra should be performed if the MRI is suspi-

cious for a malignancy.

Fragility Fractures of the Foot and Ankle

Fernando H. Serna, Jr., MD, and
Benedict F. DiGiovanni, MD

Foot and ankle injuries are among the most common orthopae-

dic complaints, with a published pooled incidence for ankle

fractures of up to 184 fractures per 100 000 person-years;

20% to 30% of those fractures occur in the elderly patients.320

These injuries result from both high- or low-energy mechan-

isms, with low-energy trauma—such as slips, twists, and

ground-level falls—being the more common cause in the

elderly population. In recent years, the incidence and severity

of ankle fractures (more unstable supination-eversion injuries)

in the elderly patients has been increasing.321,322 The incidence

of foot and ankle fractures in elderly, nonblack women has

been reported to be 3.0 and 3.1 per 1000 woman-years, respec-

tively, with fractures of the fifth metatarsal and distal fibula

being the most common.323 The incidence of fragility fractures

increases beginning in middle age.324

Risk Factors

The risk factor profiles for foot and ankle fragility fractures dif-

fer between middle-aged and older men and women.324 For

men, the most commonly associated risk factors are diabetes

and hospitalization for mental health problems; for women,

they are diabetes, a previous fracture, and high body mass

index (BMI), the last of which specifically applies to ankle

fractures.324

Risk factor profiles for ankle versus foot fractures differ in

elderly women.323,325 Those sustaining ankle fractures tend

to be younger, have a higher BMI, participate in more vigorous

physical activity, have gained weight since age 25, fallen

within the previous 12 months, self-report osteoarthritis, have

a blood relative who sustained a hip fracture after age 50, and

get out of the house 1 time or less per week. Male and female

patients sustaining foot fractures have lower distal radius and

calcaneal bone mineral density values, are less physically

active, more likely to have had a previous fracture, have a his-

tory of benzodiazepine use, have insulin-dependent diabetes

mellitus, and have poor far-depth visual perception.326

An increasing rate of falls from baseline continues to be a

risk factor for hip and proximal humerus fractures—the classic

fragility fractures—but not for foot or ankle fractures.327 How-

ever, risk factor profiles for foot and ankle fractures are similar

to those of other fragility fractures in that there is a significant

correlation with low bone mass or density.325 Although foot

and ankle fractures in the elderly patients are commonly cate-

gorized as osteoporotic fragility fractures, clinical studies have

shown that the incidence of such fractures rises until the age of

65 and then plateaus or decreases thereafter, calling into ques-

tion the relationship between these injuries and bone quality.328

Therefore, the increased incidence of ankle fractures may result

more from an increasing number of active elderly patients and

other factors such as higher BMI and frequent falls rather than

the aging process and the presence of osteopenia or osteoporo-

sis.328 Consensus appears to be shifting toward the belief that

the increasing incidence of ankle fractures in the older popula-

tion is secondary to increasing levels of activity and the resul-

tant falls and trauma, while foot fractures remain largely

secondary to poor bone quality.

Treatment of Foot Fractures

Fragility fractures in the foot occur most commonly in the tar-

sals and metatarsals. Fractures of the fifth metatarsal—the most

commonly fractured foot bone323—are seen primarily in an

acute or traumatic setting. Stress fractures are the most com-

mon type of foot fractures—affecting the talus, navicular, great

toe sesamoids, and other metatarsals—and are defined as inju-

ries resulting from excessive, repetitive, and submaximal loads

resulting in an imbalance between bone resorption and forma-

tion. This is seen most often in the setting of intrinsic (eg, meta-

bolic bone disease) or extrinsic (eg, muscle fatigue) factors.329

Initial conventional radiographs are often negative, but clinical

suspicion and physical examination findings supporting the
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diagnosis should prompt appropriate initial treatment. This

usually includes protected weight bearing and immobilization

in a cast or fracture boot. Repeat radiographs obtained at 10

to 14 days postinjury or the onset of symptoms often show evi-

dence of fracture lines and/or apparent callus formation that

was not present or appreciated initially.

Nonoperative Treatment

The mainstay of treatment for many fractures is nonoperative

intervention. Rigid cast immobilization or the use of a fracture

boot for 6 to 8 weeks, with avoidance of or protected weight-

bearing and aggressive treatment targeted at the causative

intrinsic or extrinsic factors, allows for successful healing in

most cases. However, the treating clinician must be vigilant for

progression to complete fracture, delayed union or nonunion,

and for the presence of any secondary complications such as

skin ulceration.

Surgical Treatment

Fractures that are displaced or with chronic radiographic findings

such as intramedullary sclerosis or cystic changes frequently

require operative stabilization with percutaneous pinning or

screw fixation, ORIF, or excision, such as sesamoidectomy.

Treatment of Ankle Fractures

The primary goals in treating these injuries are to (1) provide a

functionally stable ankle joint, (2) return the patient to activi-

ties of daily living and preinjury functional levels, and (3) avoid

the risks of prolonged immobilization and bed rest. Despite clear

indications for treatment of such fractures in the young, there

continues to be controversy regarding their optimal treatment

in the elderly individuals. In this elderly population, conven-

tional treatment modalities can be challenging secondary to poor

bone quality, poor soft-tissue integrity, intrinsic instability, and

difficulty in complying with weight-bearing limitations.

Nonoperative Treatment of Ankle Fractures

For nondisplaced fractures, nonoperative management with

splint or cast immobilization and serial radiographic follow-

up can provide satisfactory results without the risks of surgical

intervention. Reported data also indicate that even displaced,

but well-reduced and stable fractures in elderly patients can be

managed successfully with nonoperative treatment methods.320

Surgical Treatment of Ankle Fractures

Operative stabilization should be considered for fracture dis-

locations and other unstable injury patterns. Although early

studies recommended against this approach in the elderly indi-

viduals, recent studies have shown increasingly positive

results.328 These results compared to nonoperative manage-

ment can be attributed, in part, to improved postoperative reha-

bilitation, the use of fixed-angle devices, and an increased

awareness of potential complications. A combination of inter-

nal and external fixation, at the initial surgery or in a staged

fashion, has also been recommended in those cases where

operative stabilization is deemed necessary, and one also

wishes to avoid the potential soft-tissue complications of rigid

splint, brace, or cast immobilization.

Special Considerations in Patients With Diabetes Mellitus

Compared to patients without diabetes, individuals with dia-

betes mellitus have a higher risk of complications with either

surgical or nonoperative management of their foot or ankle

injuries. Vascular disease and neuropathy (loss of protective

sensation) play a role in predisposing diabetic patients to fur-

ther injury, loss of reduction, delayed union, malunion, non-

union, infections, and soft-tissue or wound complications.

The following is the method for testing plantar sensation using

Semmes-Weinstein 5.07/10-g monofilament:

� The filament should be pushed against the plantar surface

of the foot (in multiple areas to map out the entire

footprint).

� Just enough pressure should be exerted for the filament to

start bending.

� It is helpful to start with the more proximal leg area (above

the area of typical stocking distribution of neuropathy) and

demonstrate the method and type of sensation expected.

This will allow the patient to better understand the signifi-

cance of the examination and the findings of potential loss

of sensation.

� If a patient cannot sense this pressure, the loss of protective

sensation should be documented. It is important to remem-

ber that the ability to sense this pressure does not mean that

neuropathy is not present but does mean that protective sen-

sation is lost.

� The result should be compared with that of the contralateral

foot (may not be helpful given the tendency of bilateral

involvement in diabetic neuropathy).

� An assessment should be made based on how much of the

plantar surface is affected.

Nondisplaced fractures can be treated nonoperatively with

prolonged cast immobilization in a well-padded, nonweight-

bearing cast. Patients with diabetes often have difficulty with

cast immobilization and weight-bearing restrictions; close clin-

ical and radiographic follow-up is necessary to improve out-

comes. Early and aggressive operative stabilization has been

recommended for displaced or unstable injuries in the diabetic

elderly population.330 Treating such injuries nonoperatively

results in a high rate of progression to malunion or nonunion,331

and patients may ultimately require surgical intervention in a

delayed fashion. A meta-analysis of 140 diabetic ankle fractures

showed an overall operative cohort complication rate of 30%,

with an infection rate of 25%, a Charcot arthropathy rate of 7%,

and a Charcot amputation rate of 5%.332 There are trends toward

using supplemental fixation, multiple syndesmosis screws, and
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alternative implants (fixed-angle locking constructs) in patients

of advanced age, with diabetes, comorbidities, or neuropathy; in

those without comorbidities, one can expect results of operative

management similar to those in patients without diabetes.333

Medical management of the patient’s diabetes should be super-

vised and optimized by a primary care physician or endocrinol-

ogist, as studies have shown that a hemoglobin A1C >7 is

associated with increased complications.

Investigators have recommended a longer period of post-

operative immobilization and subsequent protected weight-

bearing and bracing in diabetic patients.333,334 As a general

rule, the authors typically immobilize and protect weight-

bearing for about twice as long in patients with diabetes melli-

tus compared to those without, especially in those patients with

loss of protective sensation. Increased vigilance for complica-

tions such as loss of reduction, wound breakdown, plantar

ulceration secondary to loss of protective sensation, and Char-

cot neuro-arthropathy is recommended.

Summary

Foot and ankle fractures are common injuries in the older pop-

ulation. Treating providers must identify risk factors for such

injuries, know which injuries are amenable to nonoperative or

operative management strategies, and have a strong focus on

prevention. Appropriate medical management directed at any

underlying comorbidities (eg, conditions such as osteoporo-

sis, diabetes, peripheral vascular disease) is paramount suc-

cessful management. Treating providers should consider all

factors including age, functional level or capacity, bone qual-

ity, and the presence of comorbidities when outlining a treat-

ment strategy.

Pelvic and Acetabular Fractures

Theodore Manson, MD

Pathophysiology

Fractures of the pelvis are common injuries in the elderly

patient. The most common cause is a low-velocity fall,

often from a standing height. The vector is most often

thought to be on the side of the greater trochanter, resulting

in a compression injury to the pelvis. Acetabular fractures in

the elderly individuals, which may also be the result of a

low-velocity fall, are becoming more common. Both of

these types of fractures may also occur from higher velocity

forces.

Classification

In the elderly individuals, a pelvic ring fracture typically

involves 2 or more bony areas, most commonly the sacrum and

one or both pubic rami. Another pattern of injury is the sacral

insufficiency fracture which may be the result of little or no

trauma. Sacral insufficiency fractures may be bilateral or

involve a horizontal component though the sacrum. Acetabular

fracture in the elderly patients may approximate the injury pat-

terns seen in younger patients. Some patterns are more com-

mon, such as anterior wall fracture and associated both

column fractures.

Clinical Features

Patients with pelvic or acetabular fractures have pain in the hip

or groin region. It may be difficult to distinguish pelvic fractures

from a hip fracture. Patients with sacral insufficiency fracture

often present with low back pain. Both pelvic and acetabular

fractures may result in bleeding, especially in the anticoagu-

lated patient. Retroperitoneal hematoma may cause critical

bleeding, and the hematocrit level should be monitored.

Elderly patients can be at a higher risk of bleeding, even with

relatively simple, low-energy fracture patterns.335 Elderly

patients who have a pelvic fracture do not necessarily need

to be observed with serial hemoglobin levels, but one base-

line hemoglobin level is probably prudent for acute injuries.

Radiographic Evaluation

Standard AP pelvis and hip radiographs should be the first

study ordered. If a pelvic fracture is recognized, inlet and outlet

views will give better views of the pelvis. If an acetabular

fracture is identified, oblique or Judet views are standard to

determine the fracture type. The seagull sign, seen on oblique

views, has been characterized as a poor prognostic indicator

for elderly patients with acetabular fractures.336 This sign

indicates substantial impaction and damage to the joint sur-

face. For pelvic fractures, a CT scan facilitates recognition

of posterior sacral injury that is often not apparent on conven-

tional radiographs. For acetabular fractures, a CT scan pro-

vides better visualization of marginal impaction than

conventional radiographs and can help the clinician classify

the fracture. When a fracture cannot be visualized on radio-

graphs or CT scans, a MRI scan can help determine whether

a hip, pelvic, or acetabular fracture is present. The MRI

scans also provide excellent imaging of sacral insufficiency

fractures.

Which Elderly Patients With Pelvic Ring Fractures Benefit
From Surgery?

Elderly patients with pelvic ring fractures are most often

treated nonoperatively, as these are frequently impaction inju-

ries of the sacrum and are very amenable to treatment without

surgery.335,337,338 Surgery in pelvic ring fractures is undertaken

if patients have (1) intractable pain which prevents the patient

from mobilizing, (2) unstable fracture patterns, and (3) frac-

tures which cause marked leg length discrepancy. In most

cases, particularly in injuries caused by a low-energy fall,

elderly patients with pelvic ring fracture should be treated non-

operatively, as the fractures are not unstable and do not produce

marked leg length discrepancy. In some cases, most often from

higher energy mechanisms, elderly patients may have a fracture
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in which the pelvic ring is unstable. In these cases, it probably

benefits the patient to have percutaneous screw fixation of the

pelvic ring to allow for earlier mobilization and to prevent non-

union with leg length discrepancy.338-340 Patients who cannot be

mobilized due to pain, which is uncommon, should also be con-

sidered for surgery. This type of surgery usually involves percu-

taneous methods to stabilize the pelvis.341,342

Acetabular Fractures

Acetabular fractures in the elderly patient historically have

been caused by low-energy mechanism such as a fall from

standing height. However, higher energy mechanisms such as

the elderly person involved in a motor vehicle collision are

becoming more frequent. The decision to operate is based on

both the functional status and the mental state of the patient

as well as the fracture characteristics.

In general, the patients who are community ambulators do

not have severe dementia and are physiologically able to

undergo surgery should be considered for operative treatment

of their acetabular fracture if they have an incongruent hip joint

or marked fracture displacement. The majority of the patients

who are surgical candidates are simply treated with the same

fixation techniques as younger patients343,344 however; there

has been a trend toward less invasive percutaneous methods

in selected patients in fracture patterns.345

There are 3 radiographic signs that have been associated

with higher rates of failure (progression to posttraumatic arthri-

tis) in elderly patients with acetabular fractures. The patient

with impaction of the acetabular dome called the seagull sign

(Figure 17),346 a posterior wall component to their

fracture347,348 (Figure 18), or impaction of the chondral sur-

faces of the femoral head (Figure 19) which is most often visi-

ble on the coronal reformatted CT scan.348 These have all been

associated with higher rates of clinical failure with standard

ORIF. In patients with these selected radiographic criteria

consideration should be given to either concomitant fixation

of the acetabular fracture and placement of a total hip

replacement in the same surgery and through the same inci-

sion,349-355 ornon-operative treatment356 followed by delayed

total hip arthroplasty.

Patients with a posterior wall component to their fracture

and a history of a hip dislocation may be difficult to keep

reduced without operative treatment of their fracture. Patients

with marked protrusio on their injury x-rays may have quite

a bit of pain with impingement of the femoral neck on the acet-

abulum and may have internal organ irritation such as bladder

or vessel irritation and may benefit from surgery.

Surgical Treatment

Most elderly patients with pelvic ring fractures may be treated

nonoperatively; however, markedly displaced or unstable pel-

vic ring injuries (usually caused by high-energy mechanisms

such as a motor vehicle collision) may sometimes benefit from

surgical stabilization. Most often percutaneous methods are uti-

lized for stabilization of the posterior pelvic ring in elderly

patients with either percutaneous screw357 or external fixator

stabilization of the anterior pelvic ring.339,341,342

Surgical treatment of acetabular fractures in the elderly indi-

viduals spans the range of treatment modalities. Less invasive

methods include percutaneous stabilization of the acetabular

Figure 17. Computed tomography (CT) scan showing a comminuted
acetabular fracture. The pieces of the broken acetabular surface
makeup the wings of the ‘‘sea gull sign.’’ This is an indicator that total
hip, either acute or delayed is a better treatment option.

Figure 18. Three-dimensional computed tomography (CT) scan of an
acetabular fracture in an elderly patient showing comminution of the
weight-bearing area of the joint and posterior wall involvement.

98 Geriatric Orthopaedic Surgery & Rehabilitation 6(2)



fracture; however, only certain fracture patterns are amenable

to percutaneous screw fixation and these require specialized

techniques and instruments.

Standard open reduction (ORIF) of acetabular fractures is

most often utilized in the elderly patients and involves restoring

the bony architecture with clamps and then plate and screw

fixation to hold the bony surfaces in place until the fracture

is healed.343,344 Usually, these are larger surgeries and the

patient must be carefully evaluated properly to make sure that

they are physiologically able to undergo such a surgery prior to

treatment. A third emerging option is stabilization of the bony

components of the acetabulum with plate and screws with con-

comitant total hip arthroplasty through the same incision.351-

355,358 In these instances, usually an anterior or posterior

approach to the hip is used. Plate and screws are used to fix the

fractured acetabulum and then a relatively standard hip

replacement is placed at the same time through the same inci-

sion (Figures 20 and 21).

All of these operative options require the patient who is phy-

siologically able to undergo surgery and can comply with any

postoperative restrictions. Usually after operative stabilization

of acetabular fractures, the patient is instructed to remain

nonweight-bearing for period of 6 to 12 weeks; however, these

restrictions have been questioned recently with several authors

moving toward earlier weight-bearing for elderly patients fol-

lowing operative fixation.359

Rehabilitation

Rehabilitation for a pelvic fracture is started with ambulatory

aids and weight bearing as tolerated. In cases of operative fixa-

tion, weight bearing as tolerated may not be possible, and

patients may be limited to a bed-to-chair status until fracture

healing.

� Pelvic and acetabular fractures are a common injury in

elderly patients, and they often require hospitalization.

� Most pelvic fractures are stable and are treated with phys-

ical therapy, weight bearing as tolerated, pain control, and

thromboprophylaxis.

� Treatment of acetabular fractures in the elderly patient is a

controversial topic.

� Stable and congruent fracture should be treated non-

operatively.

Figure 19. Computed tomography (CT) scan showing femoral head
impaction injury which is an indicator of poor outcome for open
reduction and internal fixation (ORIF) of an acetabular fracture in an
elderly patient.

Figure 20. A model showing a posterior column plate with acetabular
component in place.

Figure 21. Radiographic view of simultaneous acetabular fracture
fixation and total hip replacement.
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� Displaced fractures may be treated with percutaneous or

open fixation, or immediate or delayed hip replacement.

Osteoporosis Management

Susan V. Bukata, MD

A fragility fracture is a low-energy fracture that occurs when a

patient falls from standing height or less. The vast majority of

fractures are associated with a fall, although some vertebral

fractures occur with simple bending or overhead lifting activi-

ties. Because these injuries occur with a fall, physicians and

patients often do not recognize that the fracture is a fragility

fracture. This misconception often leads to both patients

and physicians to not recognize that the patient likely has

osteoporosis. The most common locations of fragility frac-

tures are vertebrae, hip, and distal radius, but pelvic, proximal

humerus, distal femur, proximal tibia, and clavicle fractures

can also occur from low energy falls, the majority of these

patients have osteoporosis, but many patients are not diag-

nosed or treated.360

Defining the Disease of Osteoporosis

Osteoporosis is a metabolic bone disease characterized by low

bone mass with microarchitectural and biomechanical dete-

rioration of bone tissue that results in enhanced bone fragility

and a consequent increase in fracture risk.361 Although bone

mass is an important component of the disease, it is the combi-

nation of bone mass and bone quality that results in a bone’s

overall strength and ability to resist fracture. Bone mass can

be easily measured, but bone quality is more difficult to assess

and those elements that influence bone quality are still being

defined. Age is one of the most important risk factors for frac-

ture and the reduction in bone mass and quality with age may

account for much of the increased fracture risk even if bone

density remains stable.

Bone density is generally measured using a dual-energy

X-ray absorptiometry (DXA) scan.362 Using low doses of

radiation (1-3 mrem which is about the exposure on a 2500-

mile airplane trip [2.5 mrem]), an individual’s bone mass can

be measured at lumbar spine, hip, and forearm. Generally, 3

sites are chosen for assessment. Any location that contains

implants cannot be accurately assessed. In the spine any level

that has significant arthritis, a compression fracture, a vertebro-

plasty or kyphoplasty, or has had a laminectomy also cannot be

accurately assessed. The patient remains clothed throughout

the test which takes about 15 to 20 minutes to perform. Patients

are scored against race and sex-matched controls. Bone mineral

density (BMD) (in gm/cm2) for each measured site is then

matched to curves appropriate for race and sex to determine

a patient’s score for that site.

T-score is used in all patients aged older than 25 and scores

the patient’s bone mineral density relative to the population at

the time of peak bone mass (which occurs between ages 25 and

30). Z-scores compare the patient relative to the bone density of

peers their same age. The Z-score is used for children and

young adults younger than age 25 because they are still gaining

bone mass and have not yet reached their peak. For all other

patients, T-score is used to report their level of bone density.

The World Health Organization defines a T-score of ��2.5

as osteoporotic bone mass, and scores between �1 and �2.4

as osteopenic (low) bone mass.363 It is important to remember

that these bone mass measurements alone do not define osteo-

porosis, but identify individuals who are at risk of osteoporosis.

Bone mass measurements need to be considered in the context

of other risk factors to determine when to initiate treatment. In

a young patient with a T score of -2.5, fracture risk is very low,

while in a 90-year-old with a T score of -1.5, the fracture risk is

quite high.

Quantitative CT scan can also be used to generate T-scores

and Z-scores, but radiation exposure is significantly greater. In

countries and areas where there is no access to DXA scanning,

quantitative CT may be used, especially for a baseline assess-

ment. Ultrasound can be used to evaluate subcutaneous bones

(tibia, calcaneus) but results do not correlate well with DXA

measurements at the hip and spine and its clinical utility has not

been fully defined.

Bone quality is more elusive to define and to measure; it

relates to those characteristics that contribute to bone strength

other than the bone mineral density. This includes not only the

architectural distribution and integrity of bone substance. The

rate at which the bone remodels the distribution of bone

mineral and collagen, porosity of the cortex, the shape of trabe-

culae within the bone as well as other yet to be defined factors

influence bone quality and are not easy to measure. For that

reason, important risk factors for fracture are used to assess the

influence these bone quality factors may make to bone strength.

These factors include age, sex, body mass index (BMI), per-

sonal history of fragility fracture, parental history of hip frac-

ture, smoking, glucocorticoid use, rheumatoid arthritis (or

other chronic autoimmune inflammatory diseases), secondary

causes of osteoporosis (type 1 diabetes, low Vitamin D levels,

hyperthyroidism, hyperparathyroidism, hypogonadism or pre-

mature menopause (<age 45), chronic malnutrition, malabsorp-

tion, eating disorders, chronic liver disease, chronic kidney

disease, HIV infection or treatments with medications that can

cause any of the above-mentionedissues), or daily alcohol

intake >3 units.364

FRAX (available at www.sheffield.ac.uk/FRAX) is a frac-

ture risk assessment tool designed to predict fracture risk by

combining these risk factors for reduced bone quality and

includes an optional field for measurement of bone mineral

density.365 FRAX evaluates the bone mineral density at the

femoral neck (use the lower score if both hips are evaluated)

and calculates a 10-year risk of fragility fracture at any site

(major osteoporotic fracture) and of hip fracture. In the United

States, it is recommended that patients with a 10-year hip frac-

ture risk of 3% or greater, or a major osteoporotic fracture risk

of 20% or greater, receive treatment for osteoporosis. Each

country has its own threshold for the initiation of treatment and

that information is available through the FRAX Web site.
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FRAX is helpful in the assessment of patients who have not yet

been treated for osteoporosis.365,366 For patients who have been

treated with osteoporosis medications, their fracture risk will

be reduced by the medications. In these patients, the FRAX risk

estimates are not valid, but the FRAX algorithm can be used to

help both the physician and the patient appreciate the severity

of osteoporosis for that individual patient.366 One major issue

with FRAX occurs if bone mass at a patient’s spine is signifi-

cantly lower than bone mass at the hip. Fracture risk for that

patient may still be quite high, especially at the spine, but the

algorithm may not identify this.

Fragility Fracture as a Major Risk for Future Fracture

One important risk factor for future fragility fracture is history

of a fragility fracture as an adult. Regardless of bone mass, that

individual’s risk of future fragility fracture is increased. Half of

all patients with fragility fracture will have a second fracture,

and risk of future fracture is immediately increased with 10%
of patients having second fracture within 1 year of the initial

fracture.367 Regardless of first fragility fracture site, a patient’s

risk of hip fracture is doubled.367 Despite this knowledge and

the availability of multiple medications that can reduce this

fracture risk by 25% to 50%, only about 16% to 20% of patients

with hip fracture and wrist fracture receive an assessment for

osteoporosis. Directed fragility fracture intervention programs

have dramatically improved these rates of assessment and

osteoporosis treatment and have demonstrated a decrease in

fracture rates. All of these programs depend upon the medical

staff recognizing a fragility fracture when it occurs (or when it

is picked up incidentally such as an occult VCF) and entering

the patient into the intervention program.

Diagnostic Workup for Osteoporosis

Any adult with a fragility fracture should have an assessment

for osteoporosis.27 For patients who have never had a fracture,

current National Osteoporosis Foundation (NOF) recommen-

dations suggest that women aged 65 and older, men age 70 and

older, or men and women older than age 50 who have signifi-

cant risk factors for osteoporosis, should have a bone mineral

density test (DXA) and an assessment for fracture risk.368 It

is estimated that 30% of patients with osteoporosis have a sec-

ondary cause for the disease.369 The rate is even higher in pre-

menopausal women and men with osteoporosis (50%-60%) and

in patients who have had a hip fracture (more than 80%).369

Patients undergoing assessment for osteoporosis, particularly

those who have suffered a fragility fracture, should have addi-

tional laboratory testing to assess for these secondary causes.

Serum calcium, estimated GFR, 25-hydroxy vitamin D, intact

PTH, TSH, and testosterone levels (for men) should be a part

of the osteoporosis assessment. For patients with known

renal disease, or those with a GFR <35, levels of 1,25-

dihydroxyvitamin D should be added. In patients who have

not experienced a recent fracture, markers of bone turnover

such as bone-specific alkaline phosphatase or P1NP and urine

N-telopeptide or serum C-telopeptide can be added. These

turnover markers will be elevated in the setting of a recent frac-

ture that is healing and can remain elevated for a few months

after the fracture, limiting the usefulness of these markers in the

setting of an acute fracture.370

Osteoporosis Assessment

DXA scan for bone density (patients may need to wait 6 weeks

after fracture to be comfortable enough to do it):

Laboratory test results include:

25 Vitamin D;

serum calcium;

intact parathyroid hormone (PTH); and

estimated glomerular filtration rate (eGFR).

Consider:

FRAX assessment if patient not taking osteoporosis therapy;

1, 25 Vitamin D level if in stage IV or Stage V renal failure;

Thyroid Stimulating Hormone level; and

Bone turnover markers (NTX, CTX, bone-specific alkaline

phosphatase, and P1NP)—these will not be valid baseline

for 6 to 9 months after a fragility fracture, so do not order

in the setting of an acute fracture but can be used for mon-

itoring therapy.

The Importance of Vitamin D

Vitamin D insufficiency or deficiency is common in the US

population in all age ranges. Patients with hip fracture have

demonstrated Vitamin D insufficiency rates as high as 70%
to 90%.371 Vitamin D is important not only for bone strength

and mineralization but also for lower extremity muscle

strength, gait speed and performance, and balance in individu-

als older than 65 years.372 Vitamin D has also been shown to

reduce the risk of falls in the geriatric population which is a

major cause of fragility fracture. Vitamin D is a fat-soluble hor-

mone that is produced in the skin or obtained from the diet. It is

then processed by the liver (hydroxylated at the 25th carbon),

and finally processed by the kidney (additional hydroxylation

at the 1 carbon) to produce 1,25 dihydroxy-vitamin D. Recent

evidence has shown that many other tissues are capable of

1-hydroxylating Vitamin D. Recent evidence shows373 almost

85% of vitamin D is metabolized outside the kidneys and used

locally by the tissues that process it (including osteoblasts).374

These tissues do not contribute to the serum levels of 1,25 Vita-

min D. For that reason, it is the serum level of 25-hydroxy vita-

min D that is relevant to assess vitamin D sufficiency. Vitamin

D insufficiency is defined as a serum 25-vitamin D level <32

ng/mL (<75 nmol/L). Deficiency is defined as levels <20 ng/

mL (<50 nmol/L).371 Because vitamin D is a fat-soluble hor-

mone, there is concern for accumulation and toxicity. Toxicity

occurs when patients experience hypercalcemia (serum cal-

cium levels 10.5 mg/dL or greater). Toxicity is rare and is
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accompanied by symptoms of anorexia, nausea, polyuria, poly-

dipsia, weakness, and pruritis.371

Recommendations for vitamin D are evolving. Current rec-

ommendations for patients with osteoporosis or significant

risk factors for osteoporosis are for 800 to 1200 IU vitamin

D supplement in addition to dietary intake but can vary in

need from 400 IU to 4000 IU daily.375 Baseline vitamin D

level, increased age, obesity, darker skin pigmentation,

certain medications, and malabsorption can all increase the

dose of vitamin D needed by an individual to achieve and

maintain sufficient vitamin D levels. More aggressive recom-

mendations suggest that for adults 2000 IU vitamin D3 daily

is needed for maximal effect. More vitamin D is also needed

in the winter and early spring compared to the summer and

fall as almost all areas of the United States do not have ade-

quate sun strength to optimally produce vitamin D in the skin,

even with extended sun exposure. Use of SPF 8 sunblock

decreases the capacity of the skin to produce vitamin D by

95% and clothing used to protect the skin from sun exposure

or to cover skin for cultural purposes can have a similar effect.

Two forms of vitamin D are available for supplementation,

namely, vitamin D2 derived from plant sources and vitamin

D3 derived from animal sources. Vitamin D2 is not efficiently

metabolized in humans (only 20%-40% as efficient as D3).

Vitamin D2 is available in larger prescription doses (50 000

IU) and can be helpful if rapid correction of vitamin D levels

is needed, such as after a fracture or in the setting of hypocal-

cemia. Use of vitamin D3 supplements is encouraged for

long-term maintenance dosing or if correction can occur over

several months. Various recommendations have been made

for post-fracture patients and vitamin D supplementation.375

Vitamin D levels can be checked at the time of fracture and

adjustments made to patient regimens based upon these

results. If laboratory testing is not possible, the addition of

2000 IU vitamin D3 daily to the patient medication regimen

and treatment with 50 000 IU of vitamin D2 once weekly for

5 to 8 weeks can be used safely as long as the patient is not

hypercalcemic upon presentation.

Treatment of Osteoporosis

Many medications are now available for the treatment of osteo-

porosis. The goal of all therapies is to maintain bone mass, limit

bone loss, and decrease fracture risk. All therapies decrease the

risk of vertebral fracture by at least 50%, while changes in hip

fracture risk and other nonvertebral fractures vary from drug to

drug. All of the currently available medications except analogs

of parathyroid hormone are antiresorptive agents that work by

affecting the osteoclast to prevent additional bone loss. These

agents do not stimulate new bone formation and that should not

be the goal of therapy with these agents. Antiresorptive agents

prevent additional bone loss and appear to affect other quality

factors in the bone, making it stronger and more fracture

resistant.

Bisphosphonates are analogs of hydroxyapatite that

deposit into the bone and effect the development and

activity of osteoclasts. This effect significantly slows the

rate of bone loss. Oral agents including alendronate, risedro-

nate, and ibandronate can be given weekly or monthly

depending upon the medication. Zoledronic acid, a bispho-

sphonate given by once yearly intravenous infusion, has also

been shown to decrease mortality after hip fractures.376

Bisphosphonates have been shown to be very effective in

fracture prevention, but their use and side effects have

raised some concerns recently. Oral bisphosphonates can

cause gastroesophageal side effects in patients.377 Oral

agents should not be used in patients with Barrett esophagi-

tis, as these patients are at increased risk of esophageal can-

cer and any additional esophageal irritation should be

avoided. Intravenous bisphosphonates are generally used

when patients experience GI intolerance to oral agents or

when patients have difficulty maintaining compliance with

medication regimens (dementia and polypharmacy) and a

notation of these reasons may be needed when applying for

insurance approval. Fever and flu-like symptoms with mus-

cle and joint aches, an acute-phase reaction, can be seen

with the start of all bisphosphonates, especially in patients

who have never been treated with any bisphosphonate in the

past.378,379 This reaction occurs with the initial dosing and

the intensity and duration of symptoms for this reaction

appears of correlate with medications with decreased dosing

frequency (yearly vs weekly). Acetaminophen and nonster-

oidal drugs can help lessen the severity of the reaction. The

reaction is rare with subsequent dosing. All bisphosphonates

are cleared intact through the kidneys and should not be

used in patients who have a GFR <35.

Estrogen and estrogen with progesterone have been used

less frequently, since the Women’s Health Initiative studies

raised concerned about increased heart disease and stroke as

well as an increased rate of invasive breast cancer in patients

using estrogen with progesterone.379 Estrogen does demon-

strate reduced risk of both vertebral and hip fractures, but cur-

rent recommendations suggest that it be used only in patients

who also require it for vasomotor or urogenital problems. It

is not recommended as a first-line therapy solely for osteoporo-

sis treatment.

Selective estrogen receptor modulators (SERM’s) are not

hormones, but they work through the estrogen receptor to pro-

duce some of the bone sparing effects of estrogen. Raloxifene is

the only form available in the United States. It has been shown

not only to reduce fracture risk but also to reduce the risk of

developing invasive breast cancer by 50%.380

Denosumab is a fully human monoclonal antibody to RANK

ligand that works by inhibiting development and activity of

osteoclasts, decreasing bone resorption rates. It is given by

injection twice yearly and is cleared from the body between

injections. It can be used in patients regardless of renal function

level, but transient hypocalcemia is more common in patients

with severe renal failure.381

Odanacatib is part of an emerging treatment category and is

a cathepsin K inhibitor that interferes with an enzyme pathway

in osteoclasts important for bone resorption but does not appear
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to have an effect on bone formation rates. Odanacatib, given by

pill once weekly, causes osteoclasts to stop resorbing bone but

does not cause the osteoclast to undergo apoptosis.382 Odanaca-

tib is currently in clinical trials.

Teripartide (1-34 PTH), is the only anabolic agent currently

available in the United States. Full-length PTH (or 1-84 PTH)

is also available in some countries. Both agents have been

shown to stimulate bone formation and increase bone mass.

These anabolic agents also allow the redevelopment and recon-

nection of some of the trabecular struts that have been lost with

osteoporosis, affecting the architecture of the bone as well as

the overall bone mass. Parathyroid hormone analogs are cur-

rently only available as a daily injection (5-mm 31 G needle

is used for subcutaneous injection in a similar manner to insulin

injection). It is indicated in patients with severe osteoporosis (T

score< �3.0), patients who are intolerant of other osteoporosis

agents, or in patients who have fractured despite the use of

other osteoporosis medications. These reasons should be stated

when seeking insurance approval for this medication. Parathyr-

oid hormone is used for 2 years followed by an antiresorptive

agent.383 Additional anabolic agents in the Wnt signaling path-

way (anti-sclerostin and anti-DKK 1 agents) are in clinical

development and clinical trial.

Regardless of the treatment chosen for osteoporosis, all

patients should require adequate calcium and Vitamin D intake.

Generally this requires supplementation. The National Acad-

emy of Sciences recommends a daily intake of 1200 mg

calcium for adults aged older than 50 years.384 Most individu-

als only get 700 to 900 mg of calcium through their diet and

require either increase in dietary intake or supplements to reach

the daily intake goal of 1200 mg. Caution should be taken not

to supplement patient much beyond the 1500 mg total daily

goal as increased risk of kidney stones and possibly vascular

calcification can be associated with high daily calcium intake

(>2000 mg daily).385 Vitamin D supplements should also be

given with the goal of maintaining a serum 25 Vitamin D level

of 32 ng/mL (75 nmol/L) or higher. Counseling should be pro-

vided to all patients to encourage weight-bearing activities,

smoking cessation, fall prevention, and activity modifications

to minimize the risk of future fracture. Persistence with osteo-

porosis medications is a problem. Regardless of treatment type,

one-third to half of patients do not take their medications as

prescribed within the first year, with persistence rates for

bisphosphonates as low as 20% at 24 months. Fracture protec-

tion is related to medication persistence, and patients should be

reminded that they will not get the full benefit of their osteo-

porosis medication unless they take it as prescribed and con-

tinue to take the medication, even after their fragility fracture

has healed.

Recommended Discharge Instructions for Patient With
Fragility Fracture

� Calcium supplementation of 500 mg daily; may need 1200

mg daily if low-calcium diet or malabsorption issues.

� Vitamin D3 (cholecalciferol) at 2000 IU daily if patient not

already on higher dosing.

� Vitamin D2 (ergocalciferol) if vitamin D level <32 ng /mL

(75 nmol/L).

� 50,000 IU pills given for 8 weeks;

� once weekly for 25 Vit D level of 20 to 31 ng/mL (50-

75 nmol/L);

� twice weekly for 25 Vit D level of 10-20 ng/mL (25-50

nmol/L); and

� three times weekly 25 Vit D level <10 ng/mL (<25

nmol/L).

� Fall Prevention counseling.

� Start on an osteoporosis medication or appointment for

osteoporosis assessment.

Setting up an Osteoporosis Prevention
Program

Kyle Jeray, MD

Why should the orthopedic surgeon be interested in osteo-

porosis prevention? As physicians our goal is to treat the

patient with a fragility fracture with acute care. But equally

important is the overall bone health for the patient and our

ability to reduce the chance of another fragility fracture. The

goal of the osteoporosis program is to improve patient care

and outcomes. Orthopedists need to think of a fragility frac-

ture as a sentinel event that signals the presence of a poten-

tially frail skeleton that puts the patient at increased risk of

future fractures. Much like a heart attack and the use of

beta-blockers, the fragility fracture presents an opportunity

for the orthopedic surgeon to get involved in the prevention.

The goal is to break the fragility fracture cycle by intervening

with care addressed to the problem of osteoporosis (Figure

22).

So how does one make it work? Education, evaluation, and

treatment work but how do we ensure that our patients get this

care? The most important first step is to have a site champion

that will be willing to drive the setup of the osteoporosis pre-

vention program with the understanding that each hospital,

clinic, or institution will have its own issues. One must recog-

nize that this will require a multidisciplinary approach. This

really represents a ‘‘community’’ problem requiring a multidis-

ciplinary approach (Figure 23) but starts with a site champion.

Often the site champion is the orthopedic surgeon as he or she

sees the patient with the fragility fracture, but certainly this

does not need to be the case at all institutions. Currently our site

champion is our nurse practitioner (NP), but at other sites it

may be the internist or the endocrinologist.

Once someone is willing to lead the charge, he or she must

work to get ‘‘buy-in’’ from other services within the health care

system and resource support. In our institution, it was originally

residents, but ideally having a nurse practitioner with dedicated

time (typically 0.5 -1.0 FTE) has been the major key to the suc-

cess of the program. Often administration is reluctant to
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support an osteoporosis prevention program. In an effort to

change that, administration must understand that by reducing

fragility fractures in our patients, the hospital system can actu-

ally save money.386,387 Establishing a ‘‘Bone Health’’ program

can bring notoriety to the hospital. For example, adoption of the

‘‘Own the Bone’’ osteoporosis prevention program (discussed

subsequently) brings the institution a ‘‘Best Hospital’’ rating

from US News and World Report.386

As performance and outcomes data are helpful to convince a

reluctant administration to support a new program, creating a

local, regional, or national registry will also help. A registry

will promote gathering and recording pertinent data, provide

educational tools to assist compliance against measures, and

provide benchmarking reports for sites to compare their results

with others. An example of this is the Kaiser Permanente

Healthy Bones Program, designed to establish quality care for

osteoporosis after a fragility fracture. Their program and regis-

try have improved the care, improved patient safety, and

demonstrated cost-effectiveness with their osteoporosis pre-

vention program. A national program, ‘‘Own the Bone’’ is a

Web-based, evidence-based quality improvement initiative

developed by the American Orthopedic Association to improve

the care and prevention of osteoporotic fractures.388,389 This

program, available to all centers across the country, provides

extensive educational materials, a Web-based registry, and gui-

dance for development of a comprehensive program to improve

osteoporosis care postfragility fracture. Both of these programs

collect data and provide documentation to satisfy the NOF’s

Clinical Guidelines and CMS/PQRI measures which in the near

future will be tied to the physician/hospital reimbursement

from Medicare. Most recently, the NQF released 3 measures

specific to osteoporosis management and prevention (labora-

tory investigation for secondary causes of fracture, risk assess-

ment/treatment after fracture, and discharge instructions/

Figure 22. Breaking the fragility fracture cycle with a multidisciplinary program.

Figure 23. How the Program Works: Bringing ‘‘Communities’’
Together.
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emergency department), all of which are addressed with the

development of an osteoporosis prevention program.390

The next step is to recognize the patients with fragility frac-

tures. Using a daily orthopedic census in the hospital, the NP or

designated staff (resident or physician extender) can identify the

patients with fragility fracture and generate a consult by the

admitting service to the osteoporosis fracture program. Sites can

identify patients for inclusion based on what works for their com-

munity. At our institution, we include all fractures in patients

older than 50 years old and evaluate any other consults from other

services within the hospital regarding the evaluation and/or treat-

ment of osteoporosis. Not surprisingly as the word gets out in the

hospital of an ‘‘osteoporosis prevention program,’’ consults for

this specific service will increase outside the fragility fractures.

Much like the hip fracture order sets mentioned within this guide,

some standard orders addressing the need for the osteoporosis

prevention program can be incorporated. An order to consult the

osteoporosis NP at our institution meeting the inclusion criterion

mentioned earlier sits on all the electronic order sets.

The patients admitted into the hospital are essentially ‘‘cap-

tured’’ and provide an opportunity for a teachable moment. The

consultation is a billable service using the osteoporosis codes

and includes patient education on nutrition, physical activity,

lifestyle (smoking cessation and limiting excessive alcohol

intake), pharmacology, laboratory testing (including DEXA),

and finally communication. This is the time to provide your

patients with educational materials that are available online

or create your own. Depending on your own situation, the com-

munication piece may be a letter to the patient’s primary care

physician or more directly to the orthopedic surgeon or NP that

may manage the osteoporosis postfracture. Within a closed sys-

tem, the communication may actually be an appointment (made

by the consultation service) with a physician or extender that is

designated to manage the osteoporosis. Without question the

communication piece is the most difficult and time consuming

for the NP.

Capturing the outpatient fracture patients is another part of

the program. In an effort to do so, education regarding the

inclusion criteria and the select osteoporotic fractures is out-

lined to all the staff at the outpatient clinics. The staff are then

charged with recognition of these patients and required to gen-

erate a consult to the physician or physician extender managing

the program. From here, much like the inpatient process, the

patients are either seen or called, then education, evaluation,

and if indicated treatment are initiated. If the patient has a pri-

mary care physician who is involved, a form letter is sent indi-

cating the patients’ condition with regard to the fragility

fracture and plan for secondary preventative measures. Often

the primary care physicians will agree to assume care for osteo-

porosis prevention.

In summary, developing an osteoporosis prevention pro-

gram is an integral part in the care of the patient with fragility

fracture. Keys in development of a successful program are

identifying a site champion, developing buy-in from adminis-

tration, determining a trigger to capture patients, developing

a database to manage patients, coordinating care of treatment

using mid-level practitioners or primary care physicians, and

further follow-up to ensure continued osteoporosis prevention.

Keys to Success With Implementing a Prevention
Program

� identify a Site Champion;

� developing buy-in from administration;

� determine a trigger system to identify and capture the

patients;

� use/develop a database/registry to manage patients;

� develop coordinated plan with communication for preven-

tative secondary measures (often NP or primary care physi-

cian); and

� follow-up to determine whether care directed to osteoporo-

sis occurring.

Falls Assessment

Deborah Kado, MD, MS

In most cases, a fragility fracture results from a fall. Thus, when

working toward the goal of secondary fracture prevention, falls

assessment is a key component in developing an effective treat-

ment strategy. While US life expectancy has increased by about

3 years from 1990 to 2010, unfortunately, so has the age-

standardized years of life lost due to premature mortality from

falls.391 Falls assessment and falls risk reduction are as impor-

tant to fracture prevention as treatment of osteoporosis.

Epidemiology

The incidence and health impact of falls vary depending on

age, sex, and living status. With increasing age, fall risk

increases. Approximately 30% of people older than 65 years

and 50% of those older than 80 years of age fall each year.392

Up to 50% of falls result in some type of injury, the most seri-

ous of which include hip fractures, head trauma, and cervical

spine fractures.393 Men and women tend to fall in equal propor-

tions, but women are more likely to suffer an injury. It has been

reported that 50% of residents in long-term care settings fall

each year.394 Although the majority of falls do not result in sub-

sequent fall.395 Of those older persons who have had at least 1

fall, 50% will be unable to get up without help, potentially

resulting in dehydration, pressure sores, and rhabdomyoly-

sis.396 Thus, many who experience a fall develop a fear of fall-

ing, and up to 40% will restrict their activities as a result.397

Becoming less active leads to further disability and heightened

risk of falling and, of course, fracture.

Of fall-related injuries in older adults, hip fractures are

among the most common and costly. More than 90% of all hip

fractures occur as a result of a fall.398 Falls resulting in hip frac-

ture are known to roughly double the 1-year mortality rate com-

pared to matched seniors without hip fractures. The 1-year

mortality rate ranges from 12% to 37%, and approximately half
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of those who fall and fracture a hip are unable to regain the abil-

ity to live independently.399

Falls Risk Assessment

Falls in older persons are most often not due to a single cause, but

result from the accumulated effects of multiple impairments. As

an example, an age-related decline in balance, challenges to pos-

tural control and environmental factors such as uneven flooring

may result in a fall. Seventeen independent risk factors for injur-

ious falls among community-dwelling older adults have been

reported in the literature, of which 3 are not modifiable (age, sex,

and previous fall history).400 Of the remaining 14 risk factors, 3

are modifiable, 7 may be modifiable, and 4 are unlikely to be

modifiable. The 3 modifiable risk factors include (1) balance

impairment, (2) muscle weakness, and (3) use of more than 4

medications or use of psychoactive medication. Potentially

modifiable risk factors include (1) visual impairment, (2) gait

impairment or walking difficulty, (3) depression, (4) dizziness

or orthostatic hypotension, (5) urinary incontinence, (6) arthri-

tis, and (7) pain. Risk factors very difficult to modify are (1)

functional limitations (ADL disabilities), (2) low body mass

index, (3) cognitive impairment, and (4) diabetes.

In the clinical evaluation of a geriatric patient, the above fall

risk factors should be integrated into the history and physical

examination. Beginning with the history, an inquiry should

be made regarding the patient’s history of falls in the past year.

Details with regard to the activity that lead to the fall, any pro-

dromal symptoms (eg, lightheadedness, imbalance), and where

the fall occurred should be obtained. Assessing the number of

falls, whether any resulted in injury, a history of fear of falling

and whether the patient has any difficulties with walking or bal-

ance will also inform the particular patient’s risk of falls. The

greater the number of risk factors, the higher the risk of recurrent

falls. With recurrent falls, the risk of fracture becomes higher.

As part of the clinical history, chronic medical conditions

associated with an increased fall risk should be ascertained and

include cognitive impairment, dementia, chronic musculoske-

letal pain, knee osteoarthritis, urinary incontinence, stroke, Par-

kinson disease, and diabetes. In addition, physicians should

perform a careful review of all of the patient’s medications,

including over-the-counter medications. In one study of 4260

older community-dwelling men, investigators found that

82.3% report improper medication use defined as polyphar-

macy (greater than 4 medications), inappropriate medication

consumption, and underutilization.401 Psychoactive medications

that include sedatives, antipsychotics, and antidepressants

along with anticonvulsants and antihypertensive medications

are the most strongly associated with increased fall risk and

should be minimized, if possible.402,403

As part of the physical examination in someone who has

fallen, orthostatic vital signs, visual acuity, cognitive status,

and cardiac system evaluation should be performed. And, per-

haps most importantly, a gait and balance evaluation should be

done. Although there are formal assessments that are done in

the clinical research setting, a busy clinician can perform an

efficient evaluation by simply asking the patient to rise from

a seated position in a chair without his or her arms. Once stand-

ing, the patient’s initial standing balance, semitandem and full-

tandem balance can be assessed and his or her gait be evaluated

by asking him or her to walk across the examination room. Dif-

ficulty manifested during any one of these steps is an indication

for further evaluation and treatment by a physical therapist for

gait and balance training.

Finally, attention should be made to the feet and footwear.

Moderate bunions, toe and nail deformities, and foot ulcers are

associated with fall risk in the elderly patients.396 Making rec-

ommendations to have patients optimize their foot care, avoid

high-heels, floppy slippers, shoes with slick sole,s and ill-

fitting footwear can result in a decreased fall rate.

To complete the medical workup in an older patient who has

fallen, further diagnostic testing should include laboratory tests

for hemoglobin to rule out clinically significant anemia, elec-

trolytes to rule out significant imbalances, thyroid-stimulating

hormone (TSH) to rule out hypothyroidism, vitamin B12 to rule

out B12 deficiency (linked to proprioceptive problems), and 25-

hydroxy vitamin D levels to rule to vitamin D deficiency

(linked to falls and fractures). As a fall may be a symptom of

an underlying medical illness such as pneumonia or urinary

tract infection, a standard urinalysis and chest X-ray should

be obtained, particularly if the patient has significant cognitive

impairment or dementia.

Fewer than 10% of falls are caused by a loss of conscious-

ness. If a loss of consciousness is reported, additional investi-

gation is warranted. An ECG can screen for significant

cardiac pathology, and echocardiogram may help identify clini-

cally significant aortic stenosis. As carotid sensitivity has been

linked to falls, pacemaker placement might be considered in

patients who experience carotid sinus induced heart rate pauses

of >3 seconds. Carotid sinus message should be avoided.

Underlying neurologic causes of falls should be suspected in

patients who have new or unexplained focal neurologic find-

ings on examination. Head CT or MRI can rule out stroke,

mass, normal pressure hydrocephalus, or other structural

abnormality. If the patient has significant gait abnormalities,

spine radiographs or MRI may help exclude cervical spondylo-

sis or lumbar stenosis as a cause of falls.

Treatment and Prevention

Secondary fall prevention measures need to be tailored to the

particular patient’s situation. Focus should be placed on the

patient’s modifiable risk factors that can be classified as intrin-

sic and extrinsic to the individual. Recommended treatment of

modifiable risk factors are included in Table 2. Of the interven-

tions, medication reduction, physical therapy, and home safety

modifications have demonstrated the best efficacy in fall

prevention.

Physical therapy deserves special mention in a patient who

has fractured and is at increased fall risk. Progressive standing

balance and strength exercise, transfer practice, and gait inter-

ventions with use of appropriate assistive devices should be
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undertaken. Patients should be trained on how to get up from

the floor after a fall. Once the therapy sessions have been com-

pleted, clinicians should recommend an individually tailored

exercise program to maintain function, possibly increase

endurance, and decrease fall risk. In a review that included

43 exercise trials to decrease fall risk, 14 that employed gait

training, balancing, and strengthening had a 17% risk reduction

in falling (95% confidence interval: 0.72-0.97). Four trials

included Tai-Chi with an even more impressive risk reduction

of 37% (95% confidence interval: 0.51-0.82).404

Home safety modification entails checking the home envi-

ronment to remove obvious fall hazards. Removal of clutter

to minimize tripping hazards, ensuring adequate lighting and

installation of safety measures like shower bars and/or raised

toilet seats can decrease fall risk.

Finally, patient education and information programs are

helpful in falls prevention. Fall prevention strategies appear

to work in both community and institutional settings.404,405

Single and multifactorial intervention randomized controlled

trials have been conducted, and the preponderance of evidence

demonstrate benefit with fall rate decline. Since 2004, the

United States National Council on Aging has lead a Falls Free

Initiative, culminating in coalition workgroups that have pro-

vided step-by-step processes of decision making and interven-

tions to manage falls among older persons assessed to be at

high fall risk (http://www.medcats.com/FALLS/frameset.htm).

Summary

While recurrent falls, inability to get up after a fall, and the psy-

chological effects following a fall are associated with a poor

prognosis, each is potentially modifiable. Thus, in a patient

who has fallen, careful attention should be given to underlying

medical disorders, medication use, and home environment that

may contribute to an individual’s fall risk. In one randomized

controlled trial, a focused history and physical assessment by

nurse practitioners following a fall resulted in identification

of modifiable medical conditions and decreased hospitalization

rates over 2 years of follow-up.406 There is an overwhelming

consensus that fall prevention strategies work.Those patients

who have already had a fragility fracture deserve proper eva-

luation, education, and treatment.

Modifiable Risk Factors for Falls

� Balance impairment;

� muscle weakness; and

� use of more than 4 medications or psychoactive medication

use.

Potentially Modifiable Risk Factors for Falls

� Visual impairment;

� gait impairment or walking difficulty;

� depression;

� dizziness or orthostatic hypotension;

� urinary incontinence;

� arthritis; and

� pain.

Nonmodifiable risk factors

� Functional limitations (ADL disabilities);

� low body mass index;

Table 2. Recommended Treatments for Modifiable Risk Factors.

Risk Factors Management

Intrinsic
Vision Check acuity and for cataracts, refer to

ophthalmology if indicated; advise to
avoid multifocal lenses while walking

Postural hypotension Reduce medications, rule out
dehydration, advise to change
positions slowly, consider
fludrocortisone if above 3
interventions don’t work

Cardiovascular Medical management, consider dual
chamber cardiac pacing if carotid
induced hypersensitivity >3 second
pauses

Neurologic Consider neuroimaging with MRI/CT,
medical management as indicated

Arthritis Medical management, consider PT/OT
referral, assistive devices as
appropriate

Balance or gait
impairment

Referral to physical and/or occupational
therapy for progressive strength,
balance and gait training

Vitamin D insufficiency/
deficiency

Replete vitamin D with a minimum of
800 IU daily

Other medical
conditions (cognitive
impairment, depression,
etc)

Medical management as indicated

Psychoactive
medications

Eliminate or reduce dose of as many
sedatives, antidepressants,
anxiolytics, and antipsychotics as
possible as these are associated with
an increased fall risk

Other medications Eliminate or reduce dose of as many
medications as possible, paying close
attention to (1) antihypertensive
medications that can lead to
orthostatic hypotension/
lightheadedness and (2)
antihistamines, anticonvulsants, and
opioids that can lead to confusion or
impaired alertness

Extrinsic
Home environmental
hazards

Ideally, PT/OT referral can assess home
safety and make recommendations
for safety improvements (ie, grab
bars in shower, reaching devices,
adequate lighting)

Footwear Advise to wear well-fitting shoes with
low heel height and high surface
contact area

Abbreviations: CT, computed tomography; MRI, magnetic resonance imaging.
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� cognitive impairment; and

� diabetes.
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